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Numerical regression analysis of hydraulic 
conductivities and soil water characteristics was used to 
fit the water management model D R A I NMOD to electrical 
pressure transducer measurements and model estimates of 
water table depth for a slowly permea�le soil. Regression 
analysis of soil properties can replace the need for 
extensive field and laboratory analysis of soil properties 
used in the model. The method allows the water management 
model to be applied to drainage and subirrigation system 
cost/benefit projections more quickly than when using 
conventional analytical approaches 
determination. 
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INTRODUCTION 
Muc h o f  t h e  l a nd i n  S o u t h  Da ko t a  h a s  ve r y  hi g h  
po t e n t i a l  p r od uc t i v i t y . H o w e v e r , S ou t h  D ak o t a  h a s  a 
s ubh umid cl i ma t e , �h i c h  c an c a u s e  s o i l w a t e r  s u r p l u s e s  i n  
t h e  s p ri n g a n d  s o i l  �a t e r  de f i c i e n ci e s l a t e r  i n  t h e  
g r o �i n g s e a s o n . Ex c e s s s o i l w a t e r  i n - t he s p r i n g  r ed uc e s  
c r o p  p r oduc t i o n e f f i c i e n cy b y  dec r e a si n g  c r o p  r o o t 
a e r a t i o n , 
c ompac t i o n 
d e p r e s s i n g s o i l t e mpe r a t u r e s , i nc r e a s i n g 
a nd de l a y i n g t i l l a g e  ope r a t i o n s . Th e 
installation of agricultural tile drai na ge systems is an 
e f f e ct i v e  s o l u t i o n t o  t h e  p r o b l em o f  e xc e s s  s o i l wa t e r . 
Cr o p  p r oduc t i o n e f f i c i e n c y  i s  a ls o  l i mi t e d  by s o i l  w a t e r  
d e f i ci e nc i e s ,  wh i c h  c a us e  p l an t  s t r e s s e s . I r r i g a t i o n c a n  
b e  p a r t o f  a n  e f f e ct i ve s o l ut i o n t o  t h e  p r o b l em o f  
d e fi c i e n t  s o i l  wa t e r . R o o t z o n e  wa t e r  manag em e n t , w hi c h 
ma y i nc l ude d r a i na g e  a nd / o r  i r r i g a t i o n , i s  ne c e s s a r y  t o  
mi n i m i z e  -b o t h  w e t  a nd d r y  s t r e s s e s  and ma xi m i z e  c r o p  
p r od uc t i o n e f f i c i e n c y  i n  s ub h um i d  r e g i on s . 
T he c o mb i na t i o n o f  d r a in a g e  and i rr i g a t i on b y  t h e  us e 
o f  s ub i r ri g a t i o n h a s  t h e  p o t e n t i a l  t o  a l l e v i a t e  b o t h  
e xc e s s  s o i l �a t e r  p r o b l e m s  c om mon i n  the spring and wa t e r 
d e f i c i e n c y  p r o b l em s  c ommon l a t e r  i n  the gr o w i ng s e a s o n , 
wit h l o we r  p ump i ng c o s t s  a n d  l o �e r e vapo r a ti ve lo s s e s  t h a n  
w i t h  c o n ve n t i on a l  o v e rh e ad i r r i ga t i o n s ys t e ms . 
On e hi ndrance t o  t h e  wi d e s p re ad adap t a t i o n o f  
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subirrigation sys t em s - i n  s ubhumid r eg i o ns i s  c ost. 
Furthemore, the perm e ab i li ty o f  s o i l s  i n  Sou th Da kot a 
is lower· t h a n  i n  o the r regions wh e r e  su bi r r i g a t i on ha s 
b e e n  s uc c e s s f u l l y  u s e d .  
s u b irrig a t io n  s y s tems 
Ca r e f u l  de s i g n and m a n a ge m e n t o f  
i s  therefore r e q ui r ed to opt i m i z e 
crop produc t ion ef ficiency to mak e  t h e  i nv e s tme nt 
pro f i table. 
of dra i n  
i nade q ua t e  
Consider t h e  d r a i na g e  s ys t e m  .de s i g n  cr i t e r i a  
s pa c i ng . D r a i n s spac ed too wide result in 
temperature, 
Conversely, 
drainage, thereby limiting aeration, soil 
compaction and traff i c a bil i t y improvements . 
the closer the drains are s pac ed, the gr e a ter 
the number of drains required, inc r e a s i n g t h e  cost. The 
f i e l d - s c a l e  water management model DRAINMOD ( S k a g g s , 1 9 78) 
was developed to a i d  i n  the design and management of 
drainage a nd s ub i r r i g a t i o n s ys t e m s . 
DRAINMOD i s  a com put er m o d e l that perf orms a wa t e r  
ba l an c e  m 1dwa y  b e t we e n  p a r a l l e l  s ubs u r f ac e  d ra i n s , and 
p r e d i c t s  wa t e r  t ab l e  p o s i t i on 1  d ra i n  o ut f l ow , s urf a c e  
r u n of f  a nd ot h e r  wa te r b a l a n c e  c ompo n e n t s . DRAINMOD c an 
b e  u s ed a s  a man a g e m e n t  t o o l  a nd a s  a de s i gn t oo l  f or f our 
c o mbi na t i on s  o f  dr a i na ge and i r ri g a ti on :  con v e nt i ona l 
dr a i na g e , c o ntr ol l ed d r a i na g e , s ubi rr i g a t i on a nd 
wa ste wat er i r rig a tion. ( .S k a g g s ,  1 9 8 0 )  . 
T o  p r oduc e mode l p r ed i c t i on s  in g o od a g r e eme n t  wi t h  
t h e  c or r e s p ond i ng f i e l d  e v e n t s  s i m u l a t ed , soil pr ope r t i e s 
" 3  
mu s t  b e  kn own. On e a pp r o ac h  t o  e s t i ma t i ng t h e  unknown 
s o i l  p r o pe r t i e s for use in  the model i s  t h e  c o n v e n t i o n a l 
ana l y t i c al m e t h o d  o f  mode l f i t t i ng , wh i c h o f t e n  us e s  
p a r ame t e r  e s t i ma t e s  de r i v e d  i nd e p e nde n t l y  f r om t h e  type o f  
eve n t  s i mu l a t e d. Common e x amp l e s  fo r wa t e r  manag em e n t  
mode l s  a r e  t h e  l abo r a t o r y d e t e rminat i o n o f  hydra u l i c  
c onduc t i v i ty and s o i l  wa t e r  c h a r a c t e r i s tic u s i ng s ma l l  
c o r e s . Be c a u s e o f  t h e  w i d e va r i ab i l i t y o f  s o i l  p r o p e r t i e s 
w i t h i n  a g i ve n  f i e l d , l abo ra t o r y m e t h o d s  o f  s o i l  p r op e r ty 
measurement and conventional statistical sampl ing may not 
a c c u r a t e ly r e p r e s e n t  t h e  g e o g r a p h i c  d i s t r i bu t i o n o f  f i e l d 
o c c u r r e n c e s  s uch a s  f r ac t u r e s  c a u s e d  by fre e z e-t h a� cyc l e s  
and mac r o p o r e s  and chan n e l s  c a u s ed b y  r o o t  ho l e s  a n d  
e a r th w o rm h o l e s . F o r  examp l e , c o n s i de r  t h a t  t h e  
l abo r a t o r y v a lue o f  h yd r a u l i c  c onduc tiv i ty o f  a s o i l  
s amp l e  with a r o o t  h o l e  chann e l i n  i t s s t r uc t u r e  may be a n  
o rd e r  o f  magn i tude o r  mo r e  gre a t e r  t h a n  tha t o f  a n e a rby 
s amp l e  wit h o u t  s uch a c h a n n e l , e ve n  
w e re t a k e n  f r om t h e  s ame d e p t h  i n  t h e  
l o c a tions . Thu s , t h e  r e s e a r c h e r  
t h ough bo th s amp l e s  
s ame f i e l d  a t  n e a rb y  
may be t ry i ng t o  
s i ngul arly qu ant i fy tho d i s t i nc t  f l o � reg i m e s  i n  t h e  s o i l : 
f low t h r o u g h  mac r o p o r e s  and f l ow t h r ough m i c r o p o r e s . 
Ac c ura t e  d ra i na g e  mode l i n g  r e qu i r e s  kn o w l edg e o f  t h e  
c o n t r i bu t i on o f  e ach f l ow c ompo n ent t o  t o t a l  f l ow .  T h a t 
i s , c r i t e r i a  f o r  s e l e c t i ng a f i e l d - e f f e c t i v e  v a l ue a r e  
n ecessa ry. 
p r o p e rt i es 
Sma ll-sca l e  o r  poin t m e asu r eme n t  of s o i l  
in t h e  f i e l d, such as a uge r h o l e  conduc tivity 
tes ts, are a l so l i m i ted i n  v a l u e  b e c ause t h e  sampling 
l o c at i o ns ch osen may n ot b e  re p r e se nta tiv e. Large-sc a l e  
fie ld me asu r eme nts, such as those invo l ving l ys i me ters , 
a r e  time-c o nsuming and expe nsiv e .  A furt h e r  l imi t at i o n  o f  
fie l d  me asu reme n ts i s  th e n e c ess i ty of specia l ized 
ins t r ume n t atio n , i f , f o r exa mp l e, me asu r e m e nt o f  water 
t able p osit i on in sl owly per mea b l e  so i ls is requi red . I n  
view of these difficulties, the analytic method of soil 
wate r ma n age m e nt mode l f i t t ing c a n  b e  s e e n  t o  b e  at best 
t i me-co nsum i ng a nd e xpensive , a n d  a t  wo rst inadequa t e. 
An o t her m e t h od of es tima ting input pa rameters f o r  
m ode l ing purposes is t o  nume rica l l y allow th e unknown 
in put p a r ame t e rs to va r y  o r  f l o a t  un til t h e  best agr eement 
b e tween mode l estima t es a n d  c o r respo nding obse rv e d  va l ues 
is reach ed: A simple examp l e  o f  a best-fitting model is a 
line f o und by r eg ressio n  a n a l ysis. The lin e a r  regressio n  
model dete rmin es the best es t imates for the input 
pa r ameters_ o f  slo p e  and inter c ep t  by minimizing t he sum of 
th e squa r es of the dif ferences between the model's 
es tim a tes and c o r resp o nding observed values. The 
minimiza tio n is a c c o m p l ished th r ough simul taneous s o l utio n  
o f  th e system o f  equatio ns resulting from pa rtia l 
di f feren tia tion o f  the expr essio n f o r  the sum of squares 
5 
wi th r e s pec t t o  t h e  pa rame t e r s  b e i ng fit ted, wh i c h  i n  thi s 
c a s e  a r e  th e s lo p e and i n t e r c ept o f  t h e  l i n e . 
Ge n e r a l i z a tion o f  t h e  r e g r e s sion p roce dure f o r  f i e l d-s c a l e  
wa t er manag ement m o d els wo u l d  d e t e rm i n e  the be s t  s o i l 
p r o p e r t y  i n put p a rame t e r s  fo r a p a r tic u l a r  s o i l  type by 
m i n i m i z i n g  the s um o f  t h e squa r e s  o f. the differe nces 
b e twe en mode l e s t i ma t e s  and o b s e rved va l u e s  f o r  an 
objective f unct i on of  the m o de l s uc h  a s  wa t e r table d e p t h  
o r  dra i n  o u tfl ow . The technique requ i re s : the s e l ec t i o n  
o f  an appropriate model estimate or objective function and 
c o r r e s p o nd i ng fie l d - m e a s u re d  parameter, 
squa r e d  d i ffe r e n c e s  wou l d  b e  m i n i m i z ed; 
t h e  par t i c u l a r  mode l i np u t  pa ram e t e r s , 
the sum o f  who s e  
the se l e ction o f 
e. g. h yd r au l i c  
c o nduct i vi ty, soil wa t e r  c h a r a c t e r i s t i c , e t c . , t o  b e  
f i t t e d; and d e t e r m i n a t i on o f  a m e t h od of differentiating 
t h e  m o de l w i t h  r e s p e c t  t o  t h e  i n pu t pa rame t e rs be i ng 
f i t t ed wh i ch p r o du c e s  a system o f  lin e ar equations. 
Carl s o n  a n d  N i e l s e n ( 1987) d i s c u s sed the u s e  of 
regression 
re s e a r c h , 
analysis on large models for ag r o n omic 
nume ric a l and Rasiah (1986) app l i e d t h e 
regr e s s i o n t e chn i qu e s  to f i t a soil wa t e r  model by 
m i n imi zing the sum of the squares of the differences 
betw e e n  p r ed i c t e d  and m e a s u r e d  volumetr i c soil moisture 
contents versus depth and t ime .  
use of numerical regression techniques for fitting 
6 ·  
mod e l s  r e qu i r e s  f i e l d  me a s u r e me n t  o f  a t  l e a s t  o n e  mod e l 
p a r a me t e r . DRAIKMOD e s t i ma t e s  o f  wa t e r  tab l e  d e pt h , 
s u r f a ce r �n o f f  a n d  d r a i n  o u t f l ow v o l u me hav e  b e e n  c ompa r e d  
� i t h  f i e l d  da t a  i n  e v a l ua t i on s  o f t he wa t e r  man ag e m e n t 
mo de l (Ska g g s  et al . 7 1 9 8 1 ; S ka g g s , 1 9 8 2; Chang e t  a l . ,  
1 983; Ro g e r s , 1 9 8 5) .  In s t r um e n t a t i o n f o r  me a s u r e m e n t  o f  
wa t e r  t ab l e  p o s i t io n  i n  s l ow l y pe rme a b l e  s o i l s  w a s  
d e v e l o p e d  a n d  te s t e d  i n  s i t u a t  va r i o u s  d e p ths b y  T r o o ie n  
e t  a l . ( 1 9 85) in a Po i n s e t t s i l t  l o am s o i l  i n  Sou th 
Dal�ota. The instrumentation, named a "transiometer 7 !� us e d  
a n  e l e c t r i ca l  p r e s s u r e t r a n s d u c e r  i n s i de a c e r am i c  c up , 
a l lo w i ng hyd r a u l i c  c o n t ac t  b e tw e e n  the s o i l wa t e r  and t h e  
t ra n s du c e r . An a r t i f i c i a l l y d r a i n e d  l ys i m e t e r  c o n s t r u c t e d 
a r o und the t r a n s i o m e t e r  i n s t a l l a t i o n c an p r oduc e  f i e l d  
c o nd i t io n s  s i mi l a r  t o  t ho s e  o f  DRAINMOD s i mu l a t i o n s . 
Wa t e r  t ab l e  p o s i t i on c an t h e n  b e  p r e d i c t e d  w i t h  DRAINMOD 
a n d  m e a s u r e d  w i t h  t r a n s i om e t e r s f o r  known f i e l d 
c o n d i t i o n s ,  a n d  the r eg r e s s i o n t e chn i qu e app l i e d ,  
r e s u l t i n g i n  a f i t t e d wa t e r  m a n a g e m e nt mode l . 
Num e r i c a l  d r a i n a g e  a n d  s ub i r r i g a t i o n s y s t e m de s i g n  
ba s e d o n r e g r e s s i on ana l ys i s  i s  i ndepende nt o f 
c o nv e n t i o n a l 
T h e r e f o r e , t he 
f o und f o r  u s e  
DRAINMOD and 
a n a l yt i c a l  s o i l  t e s t i ng me thodo l o g y. 
m e thod a l l o w s  hyd r au l i c  pa r am e t e r s t o  be 
i n  the wa t e r  m a na g e me n t  mode l .  Thu s  
po s s i b l y  o the r m ode l s  can b e  applied t o  
, ·  
7 
.. 
d r a i n a g e  a n d  s ub i r r i ga t i o n· sys t e m  c o s t/b e n e f i t  p r oje c t i o ns 
m o r e  qu i ck l y  t h a n  wh e n  u s i n g c o n v e n t i o n a l  ana l y t i c a l  
app r o ac h es t o  i npu t pa r ame t e r  det e rm i n atio n . In o rde r t o  
f i t t h e  mode l , r e g r e s s i o n a n a l y s i s  r equir e s  o n l y . o n e  o f  
t h e  m ode l's o b j e c tiv e f unc t i o n s , su c h  as wat e r  t a b l e dep t h  
o r  d r a i n  
c o n v e n t i o n a l , 
out f l ow ,  to be m e asur ed , wh e r e a s  t h e  
a n a lyt i c  m ode l f i t t i ng t e c h n i qu e  r e qu i r e s  
m a ny f i e ld and labo ra t o ry e s t i ma tes o f  s o i l  pr ope r t i e s  and 
t h e i r  a s s o c i at ed n ume r i c a l  c o mpu t at i o n s . 
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OBJECTIVES 
Th e object i v e s  o f  the r es ea r c h  w e r e  t o  eva l u a t e  t h e  
u s e  o f  a mo d e l  f i t t i ng t e c hn i q u e  and DRAINMOD t o  
cha r ac t e r i ze a s l owl y p e r m ea b l e  s o il . 
a c c o mp l is h  t h i s  were: 
Speci f i c  s t e p s  t o  
1. Des ig n and con s t r uc t  a l ys im et e �  s i � i l a r  t o  a s ec t i on 
o f  a d r a i n e d/ s ub i r r i g a t e d  f i e l d  w i th t r ans i ome t e r  
i n s t r ume n t a t i o n i n  p l a c e . 
2 .  Me a s u r e  a nd a n a l y t ic a l l y  e s t i m a t e  DRAINMOD s o i l 
property parameters by conventional procedures. 
3. U s e wa t e r  t ab l e  m ea s u r em en t s  a n d  DRAINMOD t o  e s t i ma t e  
s o i l p r o p e r ty pa r ame t ers by mo d e l  f i t t i ng t echn i qu e s . 
4 . Com p a r e  s o i l  p a ramete r es t ima t es d e r i ve d  f r om 
DRAINMOD a nd c o nv e n t i o n a l p r o c edu r e s . 
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LITERATURE REVIEW 
DRAINMOD r e qu i r e s  ext e n s i v e c h a r a c t e r i za t i on o f  the 
s oi l ·p ro file to acc u r a t e l y m ode l s oi l  wa t e r  move me n t  f or 
d r a i n e d a n d / or s ub i r r i g a te d  a g r i c u l tu r e . T h e  f ol l owi ng 
s oi l  p r o p e r t i e s  . a r e  r e q u i r e d  i n pu t s  f or t he m od e l :  
l a t �ra l h yd r a uli c cond uc tiv i t y , s oi l wa t er char act � r i s t i c , 
d r a i n e d  vo l ume - wa t e r  
f l ux - wa t e r tab l e  
t ab l e 
de p t h 
d e p t h r e l a t i on ship, upwa rd 
r e l a tion s hi p ,  i n f i l t ra t i on 
cha ra c t e r i s t i c s  a n d  s u r f a c e  s to r age ( Sk a g g s ,  198 0 ) . 
Lateral hydraulic conductivity is the proportionality 
c on s ta nt ch a r a c te r i s t i c  of a s o i l  t h at i s  equ a l  to the 
volume o f  wa te r  th at pa s s e s  th rough a unit c r os s - s e c t i ona l  
a r e a  s oi l  under a unit hyd r au l i c g r ad i e n t pe r u n i t  t ime . 
T h e s oi l  w a t e r c h a ra c te r i s t i c  ( e . g ,  F i g . 1, which was 
f ound using th e p r e s s u r e pla t e  m e t hod on c o r e s  t ak e n  at 
the f i eld s i t e) i s  t he emp i ric a l l y - b a s e d r e l at i onsh i p  
b e t w e e n  th� so i l  wa t e r  c on t e n t  a n d  the c o r r e spond i ng s o i l 
wa t e r  t e n s ion . Th e d r a i ne d  vol ume - wa t e r  t ab l e dept h  
r e l a ti ons h i p  (e . g ,  F i g .  2 ,  wh i ch w a s  n ume r i cal l y  e s t i mat e d  
f r o m  s o i l wa t e r  c ha r a c t e r i s t i c  d a t a , the l a t t e r  o f  which 
was obtained by the p r e s s ur e p l a te method on c or e s  t a k e n  
a t  the f i e l d  s i t e) i nd i c a t e s  t he wat e r  t ab l e  r i s e  or fal l 
f r om a g i ven p o s i t i on i n  the pr o f i l e d u e  to the add i t i o n 
or r e m o v al , r e s pe ct i ve l y ,  o f  a kn o wn amou n t  o f  wa t e r  i n  
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d r a wd o wn and d ra i n  o u t f l o w  m e a s u r e m e n t s  ( H o f fm a n  and 
Sc h wa b, 19-64; Sk a gg s , 19 i6) . S o i l  w at e r  c h a r a c t e ri s t i c 
e s t i ma ti o n  me t h od s  i n c l ud e  d i r e c t  de t e rm i na t i o n , s u ch a s  
w i t h  t h e  u s e  o f  p re s s u re p l a t e s  (R i c h ards , · 1965), o r  u s e  
o f  d a t a  f ro m  t h e  li t e r a t u re .  T h e  DRAINMOD Re f e re n c e 
Re p o rt gi v e s t e s t i n g  m e t h o d s , num e r i c a l p r o c e d u r e s  o r  
s u bje c t i v e g ui de l i n e s  f o r  e s t i ma t i n g t h e  r e ma i n i n g  s o i l  
p ro p e rt i e s  r e q u i r e d  i n  t h e  m o d el . 
T he ana l yt i c  a p p r o a c h  t o  s o i l p rope r t y  i n p u t 
p a rame t e r  e s t i ma t i o n h a s  be e n  u s ed by r e s e a rc h e r s  
e va l u a ti n g DRAINMOD in no rt h c e n t r a l  Oh i o  (Skag g� e t  a l . , 
1981), No rt h Ca r o l i n a  (Sk a g gs , 1982), C a l i f o rn i a  (Ch a n g  e t  
a l . ,  1983) and F l o r i d a ( R o ge r s , 1985). For e x am p l e, t h e  
C a l if o r n i a  and F l o r i da r e s e a r c h e r s  u s e d u nd i s t u rb e d  c o r e  
s a mp l e s  and p r e s s u r e  p l a t e  e qu i pm e n t  t o  f i n d t h e  s o i l  
w at e r  ch a ra c t e r i s ti c s . T h e  a n a l y t i c  me th od o l o g y  i s  u s e fu l  
i n  a s s e s s i n g  t h e  r e l i ab i l i ty o f  t h e  m o de l . T h a t  i s , · i t 
he l p s  t h e  r e s e a r c he r  t o  a s c e r t a i n  wh e t h e r o r  n o t  t h e  
m e c h a n i s m s  wh i c h  d e s c r i b e t h e  s o il wa t er prof i l e ,  e . g .  
i n f i l t ra t i o n a n d  wa t e r  m o v em e n t  t o  d ra i ns , w e r e  c h o s e n  
c orre ct ly- - p r o v i d e d  s u f f i c i e n t  c a r e  i s  t ake n to e s t i m a t e  
e a c h  c ompo n e n t  a s  acc u r a t e l y  a s  p o s s i b l e . 
S i n c e  o n e  o f  DRA INMOD's o u t p u t or p r e d i c t e d  func t i on s  
i s  wa t e r  t a bl e  po s i t i o n m i dwa y _b e t we e n  p ar a l l e l d ra i n  
l i n e s , c ompa r i s o n o f  o b s e rv e d  v e r s u s  p r e d i c t e d wa t e r  t ab l e  
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dep t hs i s  one i n d i c� t i on of t h e  a c c uracy of the mode l .  
L i ke w i s e , o t h e r  DRAINMOD-p r e d i c t e d va l u e s , e . g .  d r a i n  
o u t f l o� o r  s u r f a c e  run o f f , c a n  be c o mpa r e d  t o  t h e i r 
c orre s p o n d i ng f i e l d  m e a s ure m en t s t o  eva l u a t e  t h e  a c c uracy 
of t h e  m o d e l .  
Param e t er s  pred i c t e d by DRAINMOD i n c l ude d e pth t o  
wa t e r  t ab l e , d r a i n  o u t f l o� and s ur f ace r u no f f . Th e 
p arame t er m o s t  c o mmo n l y  u s ed. t o e v a l u a t e  the r e l iabi l i ty 
of D RAINMOD h a s  b e e n  wa t er t a ble e l eva t i on. Compari s o n s  
w e r e  made b e t we en pre d i c t e d  and me a s ured m i dp o i n t  wa t e r 
t ab l e  e l eva t i ons in DRAINMOD e va l u a t i o n s  f or Nor t h  
Car o l i n a , Ca l i f o rn i a  a n d  F l o r i d a. In O h i o , s ur f a c e a n d  
dra i nag e v o l um e s  were compared t o  t h o s e  p r e dic t e d  by 
DRAINMOD. In a dd i t i o n t o  wa t er t abl e l eve l s , the F l or i da 
t e s t s  u s e d dra i n  t i l e  o u t f l ows as a c o mpa ris o n  param e t e r . 
The DRAINMOD f i e l d t e s t i ng i n  No r t h  Ca r o l in a  ( Skagg s ,  
1 9 8 2 ) was d e sig n e d  s pe c i f i c a l l y t o  t e s t  t h e r e l i abil i t y of 
the m o d e l , and was t h e r e f o r e  a b l e  to re p o r t  a n  a c t u a l  
a v e r a g e  di f f e r enc e be t w e e n  m e a s u r ed a n d  p r e dic t e d w a t e r  
t ab l e e l ev a t i o n s  m i dwa y b e t w e e n  pa r a l l e l  s ubs u r f a c e  
dra i n s .  The av erage d i f f erenc e r e p or t e d was 8.1 em f or 
abo u t  7400 m e a s u r eme n t s . 
The r e s e a r c h e r s  in Ohio, Ca l i f ornia arid F l o rida u s e d  
f i e l d  expe r i me n t s  n o t de s i g n ed s pe c i f i c a l l y t o  t e s t  
DRAINMOD. R a t h e r , t he i r  c om pa r i s o n s  we r e  ba s e d o n  wa t e r  
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table elevations and/or drainage volumes from earlier 
experiments. The Ohio research ers reported good agreement 
between predicted and measured drainage and surface runoff 
volumes. D RAINMOD was found to work well· in California, 
but deep seepage must be considered; the model 
overestimated the depth to the water table if the water 
table dra�down was greater than 150 em. In Florida, the 
model was improved by a progr�m modification in which th e 
lower limit volumetric moisture content for moisture 
removal was decreased from the wilting point to a value of 
lower moisture content. 
Since DRAINMOD provides reliable modeling of the soil 
water profile, soil and water agriculturalists can 
conclude that the mechanisms in DRAINMOD which model the 
soil water profile were correctly chosen. The model can 
be used for drainage and s u b i r r i g at i o n  sys tem design a nd 
cost/benefit _projections for any soil type, if th e s o i l 
properties required by the model can be accurately 
estimated. 
For accurate drainage and subirrigation system 
cost/benefit projections, it is desirable to have accurate 
estimates of the unknown soil property input parameters. 
Improvements i n  modeling accuracy, while still using an 
analytical approach to input parameter determination for 
the model, may be expected if input parameters are 
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e s t i m at e d  by an e ve n t  s i mi l a r  t o  t he o n e  u l t i m at e l y  
p re d i c t e d by t he m o d e l .  A n  e xa mpl e i s  re p l a c i n g h yd r a u l i c 
c o n du c t i v i t y  e s t i ma t e s  ba s ed o n  p o i nt me a s u re me n t s , s u c h  
a s  au g e r  ho l e  t e st s , w i t h  hyd rau l i c  c o ndu c t i v i t y e s t i ma t e s  
ba s e d o n  wa t e r  t a bl e  d ra wd o wn a n d  d ra i n  o u t f l ow 
me as u re me n t s , s u c h as Sk agg s '  ( 1976) m e t hod o f  e s t i m at i n g  
t he h yd ra u l i c  c o nduc t i v i t y-dr a i na bl e  p o r o s i t y r a t i o .  T he 
l a t t e r  me t hod emp l o ys a f i e l d -sc a l e  d r ai nag e s ys t em , a nd 
t he e v e n t  u s e d t o  e s t i m at e  t he s o i l  p r op e r t y  i s  t he re f o r e  
v e r y  c l o s e  o r  p e r ha p s  i d e nt i c al t o  a n  e v e nt s i mu l at ed by 
t he m o d e l .  He nce c l o s e r  a g re e m e n t  be twe e n  m e a s u red a nd 
p re d i c t ed val u e s  wo u l d b e  e x p e c t e d . T he de g r e e  o f  
m o d e l i ng i mp ro ve me n t  c a n  be e v a l u at e d by t he de c r e a s e  i n  
t he a v e r a g e  abs o l u t e  d i f f e r e nc e  be t w e e n  m e a s u r e d  a nd 
p re d i c t ed v a l u e s  o f  a p a r t i c u l �r e s t i m at e  o f  t he �od e l ,  
s uc h a s  wat e r  ta bl e d e p t h . An o t he r  w ay o f  d e t e rm i n i ng t he 
d e g r e e  o f  i �p r o v em e nt is t o  o bs e r v e  i f  a de c r e a s e  o c c u r s  
i n  t he s u m  o f  t he s qu a r e d  d i f f e r e nc e s  be t w e e n  o bs e rv ed a nd 
p r e d i c t e d  va l u e s . 
Di f f e r e nt m e t ho d s  o f  e s t i m at i ng ·nRAI NMOD s o i l  
p r o p e r t y  p a rame t e r s  w i ll p ro du c e  d i f f e re nt m o de l e s t i ma t e s  
( e . g .  o f  wa t e r  t a bl e  d e p t h) .  If t he s um o f  s qu a r e s  o f  
d i f f e re nc e s  be twe e n  o bs e rv e d  a nd p r ed i c t ed wa t e r  t ab l e  
d e p t hs is m i ni m i ze d , t h e  so i l  par ame t e rs "f it " t he m o de l . 
T he re s u l t i ng be s t -f it t ing m od e l  wou ld no t ,  e xce p t  by 
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ch a nce, actu a l l y  r e s u l t  f rom i n d e p e n d e nt a na l yt i c a l  
p a r am et e r t e s t i ng, t h e  r e s u l t s  o f  wh ic h w e r e  us e d  a s  mod e l 
input s . · Howeve r , s u c h  a s o l u t i on cou l d  b e  a c h i eved by 
r u n n i ng th e mod e l a nd allow i n g  c e r t a i n of th e s o i l 
par a m e t e r s  to va ry or float un t i l  t h e b e s t  ag r e e m e nt i s  
r e ach e d  b e twe e n  m e a s u r e d  a n d  p r e d i c t e d.obj�c t i ve fun c t i on 
v a l u e s -- f i t t ing t h e  mod e l .  Su c h  n u m e r i c al f i t t i ng o f  t h e  
mod e l  wou l d  not b e  a t e s t o f  t h e  a c c u r a c y  o f  t h e  model- -
t h e  a n a ly t i c  t e s ting r e po rte d i n  
con f i rm e d  th e a c c u r a cy o f  t he mod e l .  
t h e  lit e r a t u r e  h a s  
Nume r i c a l  f i t t i ng 
would , however, p rov i d e  a s o i l  p roperty i n put p a r a m e t e r 
da t a  bas e for a g i ve n s o i l w i thou t t h e  r e qu i r e m e n t  o f  
ext e n s i v e a n aly t ic s o i l p rop e r t y t e s t i ng, a s s um i ng t h e  
fit t e d s oil pa r a m e t e r s s o  obt a i n ed we r e  i nde p e n de n t  o f  
d r a i n ag e  s y s te m  p a r ame t e r s , su c h  a s  d ra i n  d e p t h  a n d  
s p ac i ng . Th e s ing l e  m e a s u r e m e n t  r e qu i r e d  for s uc h  mode l  
f i t t i ng i s  ·r i e l d m e a s u r e m e n t  o f  a mod e l ou t p u t  f un c t i on 
s u c h  a s  wa t e r  t abl e d e p th , pa i r e d  w i t h  corre s pond i ng mod e l  
e s t i ma t e s  ob t a i n e d  f rom a s imu l a t ion o f  t h e  s ame e v e n t . 
Num e r i c a l  mode l f i t t i ng f o r  l a r g e  mode l s  s uch a s  
DRAINMOD r e qu i r e s  a s y s t e m at i c  m e t h o d  of i nput pa rame t e r  
de t e rm i n a t i o n t h a t  c onve r g e s  qu i c k l y  ( t o  t h e  min i mum s um 
o f  s qu a r e s ) .  Th e c o mpu t e r  t i m e  required to t r y  many 
a r b i t r a r i l y  c h o s e n i n p u t  par am e t e r  da t a  s e t s  w i l l  be 
p r o h i b i t i ve . Fu r t h e r  r e d u ct i on i n  c ompu t e r  t i me c a n  b e  
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r e a l i ze d  by l i m i t i n g t h e  n u mbe r o f  i n pu t  s o i l  pr o pe r t y  
pa r a m e t e rs t o  be fi t t e d . 
i n  s o i l wa te r  p r o f i l e 
Th e p re do m i n a n t . s o i l  pr o pe r t i e s 
d e s c ri p t i o n a r e  t h e  h ydr au l i c  
c o ndu c t i v i t y (K) v e rs u s  vo l um e t ri c  s o i l  wa t e r  c o n t e n t  (9) 
o r  ma t r i c  po t e n t i a l ( H ) fun c t i o n a n d  t h e  ma t r i c  po t e n t i a l 
( H ) v e rs u s v o l ume t ri c  s o i l  wa t e r  c o n t e n t  (9 ) func t i on , t he 
l a t t e r  o f  wh i ch i s  c o m mo n l y c a l l ed t h e s o i l  wa t e r  
c h a ra c t e ri s ti c . 
DRAINMOD. T h e  
C o n s i d e r  t h e  i n pu t s  re qu i red fo r 
s a t u r a t e d l a t e ra l  hydr a u l i c  c onduc t i v i t y 
f o r  e ac h  o f u p  t o  f i ve l a ye rs d o wn t o  an i m pe rm e ab l e  l a y e r  
a n d  t h e  s oi l  wa t e r  c h a r a ct e r i s t i c fo r t he t i g h t e s t  l a ye r  
i n  t he pr o fi l e  a re requ i re d . D r a i n  t i l e  o u t fl o w  i s  a 
fun c t i o n o f  b o t h  t he hydr au l i c  c o n du c t i vi t y o f  t h e  s o i l  
and t he p o t e n t i a l  g rad ie n t  fo r wa t e r  fl ow . T he p o t e n ti a l  
g r a di e n t  fo r d ra i na ge i s  g i ve n  b y  t h e  di ff e r e n c e  be tw e e n  
t h e  wa t e r  t ab l e  d e p t h  and t h e  d ra i n  l i n e  de p t h . Th e wa te r 
t ab l e  p o s i t i on in t h e  s o i l d e p e nd s  o n  t h e  p o r o s i t y o f  t h e 
s o i l ; the w a t e r  t a b l e  re s p o n s e  t o  t h e  a dd i t i o n o r  r e mov a l  
o f  wat e r  f r om t h e  p r o f i l e de p e n ds o n  t h e  po ro s i t y o f  t h e  
s o i l w i t h  d e p t h . T h e  w a t e r  t a b le p o s i t i o n  i n  t h e  s o i l  c a n  
a l s o  b e  s a i d  t o  d e p e nd o n  t h e  s o i l w a t e r  cha ra ct e ris t ic ,  
s i n c e  th e d ra i n ed vo l u me -wa t e r  t ab le d e p t h  re l a t ion s h i p  
c a n  b e  n um e ric a l l y  e s t i ma t e d f r om t h e  s o i l  wa t e r  
charac t e r i s t i c  ( S k a g g s , 1 98 0 ) . Ot he r mode l i npu t s  d e p e nd 
o n  t h e  h ydrau l i c  c on duc t i v i t y o r  t h e  s o i l  wa t e r  
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c h a r a cte r i s t i c . The up�a rd f lux-wa t e r  t ab l e  d e pth 
r e l a t i o n s hip c a n be nume ric a l l y e s t i ma t e d  i f  t h e  
uns a tura t e d.hyd r a u l i c c o n d u ct i v i ty func t i o n i s  kn own; th e 
l a t t e r  can b e  nume r i c a l ly e s t i ma t e d if the s a t u r a t e d  
hyd r a u l i c  c o n duc t i vi t y  and t h e  s o i l  wate r cha rac t e r i s t i c 
of e a ch l aye r of t h e  s o i l  a r e  kn o�n . The i n f i l t r at i o n  
characteristics of t h e  s o i l  r e qui r e  m e a sureme n t  o f  the 
h yd rau l i c  c o ndu c t i v i t y o f  th e s o i l . The r e f o r e i t  i s  
d e s i r ab l e  t o  s i mp l i fy th e s oil p r o p e r ty i n p u t  pa rame t er 
e s t i ma t i o n by l i m i t i n g to a s  fe� a s  p o s s ib l e  the 
p a r am e t e r s  to b e  f i t t ed i n  the m o d e l .  
A no n l i ne a r  l e a s t - s qua r e s  c u rve-f i t t i ng t e c h n i qu e  was 
u s e d by van Ge nuch t e n  (1980) t o  e s t i ma t e  t h r e e  parameters 
t o  de r i v e an expr e s s i on f o r  the r e l a t i v e h yd r au l i c  
c ondu c t i vi ty v e r s u s s o i l  m a t r i c  pote n ti a l fun c t i on. 
Zachmann e t  a l . (198 1,) f i t t e d t w o  pa ramete r s to 
d ef i n e  t he bes t K(�) and �{H) f unc t i o n s  f o r  the Richards 
e quat i on by the steepest-descent m e t h o d . 
objective functions (cumulative outflow, 
Three measured 
soil matric 
potential and soil volumetric moisture content) we r e  
me a s ur e d  i n  a n  i n i t i a l ly s aturat e d  v e rt i ca l  s o i l  c o l um n  t o  
m i n i m i ze the sum of the squared differences between 
measured and p r e d i cte d val ue s . Th i r ty-e i g ht i te ratio ns 
we r e  r e qu i r e d  to reach a s o lut i o n· whe n cumulative outflow 
was chosen a s  the objective function; us i n g the objective 
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, f un c t i o n o f  c um ul a t i v e o u t f l o � p r o d uc e d  t h e  l owe s t  s um o f  
s qu a r e s  o f  t h e  t h r e e  o bje c t i v e f un c t i on s  c h o s e n . 
Add i t i o n a l  s o i l  pr o pe r t y  m e a s u r e m e n t s  r e qu i r e d  b y  th i s  
m e t h o d a r e  t h e  s a t u r a t e d  h yd r a u l i c  c o ndu c t i v i t y  and t h e  
s a t u r a t e d vol um e t r i c  s o i l  m o i s t u r e  c o n t e n t . 
Za c hm a n n  e t  a l . (198 2) u se d  p a r ame t e r  i d e n t i f i c a t i o n 
t o  s i mu l t a n e o u s l y  f i t  b ot h  .t h e  K(Q) and Q ( H ) f unc t i on s . 
As i n  t h e i r  1 9 8 1  w o r k , t wo pa r am e t e r s  we r e  f i tted , a nd th e 
s a t u r a t ed h yd r a u l ic c o ndu c t i vi t y a n d  s a t u r a t e d v o l um e t r i c  
m o i s t u r e  c o n t e n t  we re a s s um e d  t o  h a ve b e e n  k n o wn .  Th e 
i n i t i a l  es t i ma t e s  o f  th e p a r am e te r s  t o  be f i t t e d  �;e r e  
r e qu i r e d  t o  b e  s u f f i c i e n t l y  c l o s e  t o  t h e  a c t u a l s o l u t i on ,  
o r  t h e  s ol u t i o n a l g o ri t h m  f a i l e d . 
D a n e  and H r u s ka ( 1 9 8 3 ) f 1t t e d  K v e r s u s  Q and Q v e r s us 
H c u r v e s  f o r  a h yp o t h e ti c a l  s o i l  a n d  a r e a l  s oi l  d r a i n i n g 
f ro m  a v e r t i c a l  c o l um n . Expe r i m e n t a l da t a  r e qu i r e d  f o r  
s ol u t i o n i nc l uded s a t u r a t e d h yd r a u l i c c onduc t i v i t y  ( K  ) , 
s 
s a t u r a t e d  
r e s i du a l  
vol um e t r i c  mo i s t u r e  c on t e n t  
v ol um e t r i c  m oi s t u r e  c on te n t .  
( Q ) 
s 
T h e  
a n d  th e 
r e s i du a l  
vo l um e t r i c  m o i s t u r e  c on t e n t  w a s  d e fi ned b y  van Gen uc h te n  
( 1 9 80) a s  t h e  vo l um e t r i c  m oi s t u r e  c on te n t  a t  wh i c h 
d ( Q) / d (H) b e c om e s  ze r o-- p r a c tic a l l y  d e fi ne d  b y  a l a r g e  
n e g a t i ve h e ad , e . g . t h e  p e rma n e n t  w i l ting poi n t , · -1500 
_k Pa �  D a n e  a nd Hr u s k a  n ot e d  th a t  the i n i ti a l  e s t i ma t e s  of 
th e pa r am e t e r s f i t t ed s h ou l d  b e  with i n  th e n orma l r ang e of 
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va l u e s  e x p e c t e d , o r  t h e  s t e e p e s t d e s c e n t  m e t h od w o u l d  m o v e  
t h e  s o l u t i o n i n  t h e  w r o n g  d i r e c t i o n f o r  a l o n g  t i m e . 
H o o v e r  a n d  Gr an t ( 1 9 8 3 ) u s e d  a l oga r i t hmi c 
l i n e a r i z a t i o n o f  h yd r a u l i c  c o n d u c t i v i t y a n d  v o l ume t r i c  
s o i l  m o i s t u r e  f un c t i on s  t o  f i t  t h r e e  p a r am e t e r s  f o r  e a c h  
f u nc t i o n t o  m e a s ur e d  o r  p u b l i s h e d  d a t a  f o r  ma n y  s o i l s .  
Th e c ur v e s  we r e  f o rc e - f i t t ed t h r o u g h t h e  s a t u r a t i o n va l u e s  
o f  h yd r a u l i c  c o n d u c t i v i t y a nd m o i s t u r e  c on t e n t . T h e  
e x p r e s s i o n f o r  t h e  s u m o f  t h e  s q ua r e d  d i f f e r e nc e s  b e t we e n  
m e a s u r e d  a n d  e s t i ma t e d  d a t a  w a s  d i f f e r e n t i a t e d w i t h  
r e s pe c t  t o  e a c h  o f  t h e  p a r a m e t e r  e s t i ma t e s  a n d  t h e  
r e s u l t i ng e q ua t i o n s  we r e  u s ed t o  c a l c u l a t e  t h e  p a r am e t e r  
e s t i ma t e s  w i t h a c o m p u t e r , 
a n aly s i s . 
a s  i n  c o n v e n t i o n a l  r e g r e s si o n  
h O o l  e t  a l . ( 1 9 8 5 ) a nd · P a r k e r  e t  a l . ( 1 9 8 5 ) f i t ted 
t h r e e p a r am e t e r s  t o  t h e  h yd ra u l i c  c o n d u c t i v i t y  and s o i l  
wa t e r c h a ra c t e r i s t i c f u n c t i on s i n  a o n e - s t e p  p r e s s u r e 
d e s o r p ti o n e x p e r i m e n t  u s i n g s o i l c o r e s . Sa t u r a t e d 
h yd r a u l i c  c o ndu c t i v i t i e s  a n d  s a t u r a t e d v o l um e t r i c m o i s t u r e 
c on t e n t s w e r e  r e qu i r e d , a s  w e l l  a s  t h e  h ydr a u l i c  
c on du c t i v i t y  o f  t h e  p or o us c e r am i c  p l a t e s  u s ed f o r  o u t f l o �  
m e a s u r e m e n t . 
T h e  p r e c e d i ng e x amp l e s  o f  p a rame t e r  e s t i ma t i o n 
t e c h n i qu e s  have b e e n  u s e d t o  f i nd · t h e  b e s t - f i t t i ng K ( 9 )  
a nd H ( 9 )  f un c t i o n s  o f  t h e  f undame n t a l  p r ob l em o f  wa t e r  
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f l o h in a s a t u r a t ed v e r t ic a l  c o l um n  o f  s o i l . 
e x p e r i m e n t a t io n  f o r  p a r a me t e r  f i t t i ng i n  f l o w mode l s  is a 
l o g ic a l  e x t en s i o n o f  t h i s  w o r k . F i e l d - s c a l e  wa t e r  f l o w 
m o d e l s  c an b e  f i t t ed b y  r e g r e s s io n  a na l ys is ( C a r l s on a n d  
N i e l s e n , 1 9 8 7 ) .  
R a s i ah ( 1 9 8 6 ) u s e d  m o de l f it t ing t o  e s t i m a t e  
p a r am e t e r s f o r  Campbe l l ' s  ( 1 9 7 4 ) K ( 9 ) a nd . H ( 9 )  f u nc t i o n s  
f o r  m o d e l i n g  w i th S WATRE ( B e l m a n s e t  a l � ,  1 9 8 3 ) , a 
c om p u t e r  s o i l  wa t e r  p r o f i l e m o d e l b a s e d on t h e  R ic h a rd s  
e qu a t io n . C ampbe l l  ( 1 9 7 4 ) e x p r e s s ed K ( 8 ) and H ( 9 )  a s  
H ( 9 )  
a nd 
K ( 9 )  = 
whe r e  
and 
( - B )  
= H * ( 9  I 9 ) 
E s 
( 2 * B + 3 ) 
K * ( 9  I 9 ) 
s s 
H = s o i l  wa t e r  p o t e n t ia l , em , 
9 =  v o l ume t r i c  s o i l  m o i s t u r e c o n t e n t , 
3 3 
em / em , 
H = a i r  e n t r y  p o t e n t i a l , em 
E 
B = an emp i r i c a l  c on s t a n t , 
e s  = s a t u r a t i on v o l um e t r i c  s o i l  
c on t e n t ,  c m 3 / c m 3 , 
( 1 ) 
( 2 ) 
mo i s ture 
K = s a t u r a t ed h yd r au l i c  c ondu c t i v i t y , c m /h r , 
s 
K = h ydrau l i c  c o nduc t i v i t y , em/h r . 
R a s i ah ( 19 8 6 ) us ed C ampbe l l ' s  e qu a t i ons ( 1 )  and ( 2 ) 
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t o  c a l c u l a t e  K( 9 )  a n d  H ( 8 )  
_
t a b l e s  f o r  i n p u t  i n t o S WA T R E . 
T he m o de l S �ATRE t h e n  p r e d i c t e d  8 va l u e s  a t  v a r i o u s  de p t h s  
f o r  a s o i l  p r o f i l e . C o r r e s p o n d i n g  9 m e a s u r e me n t s  we r e  
t ak e n  u s i n g t h e  n e u t r o n s c a t t e r i ng m e t h o d . T h e  s um o f  t h e  
s qua r e s  o f  t h e  di f f e r e n c e s  b e twe e n  o b s e rv e d  and e st i ma t e d 
8 va l u e s  w a s  c a l c u l a t e d  a s  
wh e re 
n 
s s  = L 
i = l  
2 
( Yo - Ye ) 
S S  = s um o f  s qu a r e s , 
n = n umb e r  o f  o b s e r v a t i o n s , 
= s umma t i o n o v e r  n o b s e r v a t i o n s , 
3 3 
y = ob s e r v e d  va l u e o f  e ,  e m  /em ' 
0 3 3 
Y = e s t i ma t e d v a l u e  o f  e, em /em . 
e 
A c omp l e x nume r i c a l  r e g r e s s i o n te c h n i q ue 
( 3 ) 
s o l v i n g 
s i m u l t a n e o u s  e qua t 1 o n s  ( Ma r q u a r d t , 19 6 3 )  wa s t h e n u s e d t o  
f i nd v a l u e s  o f  H , B a nd K 
E S 
s qu a r e s  S S  i n  E qu a t i o n ( 3 ) . 
t h a t  w o u l d  m i n i m i z e  t h e  s um o f  
T h e  v a l u e s  o f  H , 
E 
B and K . 
s 
t h a t  m i n i m i z e t h e  s um o f  s qu a r e s  w e r e  f o und i n  a p r o c edu r e  
a n a l o g o u s t o  t h e  l i n e a r  r e g r e s s i o n p r o c e du r e  u s ed t o  f i nd 
t h e  va l u e s  o f  a a n d  b f o r  t h e  l i n e 
wh e r e  
Y = a * X + b 
e 
( 4 ) 
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y = be s t  e s t i m a t e  o f  t h e  d e p e n d e nt v a r i a b l e y ,  
e 
X = i nd e p e n d e n t  va r i ab l e , 
a = s l o pe e s t i ma t e  
a n d  b = i n t e r c e pt e s t i ma t e . 
I n  l e a s t  s qu a r e s  l i n e a r  r e g r e s s i o n , t h e  v a l u e s  o f  a and b 
a r e  c h o s e n  s o  t h a t t h e  s um o f  s qu a r e s , S S ,  g i v e n  b y  E q . 
( 3 ) ' i s  m i n i m i z e d . S u b s t i t u t i b n o f  E qu a t i o n ( 4 )  i n t o  ( 3 )  
g i v e s  
n 
s s  = 2: 
i = l  
2 
( Y o  - ( a * X + b ) )  ( 5 ) 
T o  f i n d t h e v a l u e s  o f  a a n d  b i n  E qu a t i o n ( 5 ) t h a t  
m i n i m i z e  SS , t h e d e r i v a t i v e s  o f  S S  w i t h r e s p e c t  t o  a and b 
a r e  s e t  e q u a l  t o  z e r o  a n d  t h e  r � s u l t i n g s y s t em o f  · t w o  
e q u a t i o n s  w i t h t w o  u nk n own s i s  s o l v e d . T h e  r e s u l t i ng a 
a n d  b v a l u e s  g i v e  t h e  b e s t  e s t i m a t e Y i n  a l i n e a r  
e 
e q u a t i o n . 
�a r q u a r d t ' s  a l g o r i t h m  a l s o s o l v e s  t h e  p r o b l e m u s i n g 
s t e e p e s t - d e s c e n t  m e t h od o l o g y  a n d  a n  o pt i m um i n t e r p o l a t i o n 
t h e  s t e e p e s t - de s c e n t  a n d  T a y l o r s · s e r i e s 
m e t h od o l o g i e s . T h e  a l g o r i t h m  s e l e c t s  t h e  me t h od r e s u l t i n g  
. i n  t h e  m i n i m um SS , a n d  a n e w  i t e r a t i o n i s  b e g u n  w { t h  t h e  
n e w s o l u t i on u s e d a s  th e p a r am e t e r  e s t i m a t e s  f o r  t h e  m o d e l 
b e i n g f i t t e d . 
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I n  t h e  m od e l  f i t t i n g  w o r k  d o n e  b y  R a s i ah , th e new 
v a l u e s  of H , B a n d  K w e r e u s e d to r e c a l 6 u l a t e K ( Q )  and 
E S 
H ( 9 )  t a b l e s  f o r  S WATRE , wh i c h wa s r u n  a g a i n . A n e w  s e t  o f  
8 v a l u e s  � a s  p r e d i c t e d a n d  t h e  s um o f  s qu a r e s  S S  a g a i n  
c a l c u l a t e d . Th i s  p r o c e s s  w a s r e p e a t e d u n t i l  S S  b e c a m e  
l e s s  t h a n  a s p e c i f i e d t o l e r a n c e . T h e v a l u e s  o f  H , B a n d  
E .
· 
K s o  e s t i m a t ed w e r e  t h e  v a l u e s  g i v i n g t h e  b e s t  a g r e em e n t  
s 
b e t w e e n  S WA TR E p r ed i c t i o n s  o f  � v e r s u s d e p t h  a n d  a c t u a l 
m e a s u r e m e n t s  o f  8 v e r s u s  d e p t h . Th e r e f o r e , t h e  e s t i ma t e s  
o f  H , 
E 
B a n d  K s o  d e r i v e d  c a n  b e  s a i d  t o  b e  t h e  b e s t  
s 
e s t i m a t e s  o f  t h e  p a r a m e t e r s  f o r  t h e  s o i l  c o n s i d e r e d . 
T h e  m e t h o d o f  p a r a m e t e r  e s t i m a t i o n u s e d b y  R a s i a h c a n  
b e  u s e d t o  f i n d t h e  b e s t  e s t i ma t e s  o f  t h e  pa r a m e t e r s  H , B 
E 
a n d  K f o r  t h e  K ( 8 )  a n d  H ( 9 )  f un c t i o n s  o f  a a s o i l u s i n g  
m o d e l s  o t h e r  t h a n S W A T RE . F o r  e x a m p l e , DRA I NMOD 
e s t i ma t e s  o f  wa t e r  t a b l e p o s i t i o n o r  d r a i n  o u t f l o w c a n b e  
u s e d  i n  p l a c e  9 f  S WATRE ' s  e s t i m a t e s o f  9 i n  t h e  pa r am e t e r -
f i t t i n g  t e c h n i qu e . 
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rlE T H O D S  
T w o  s e t s o f  s o i l  p a r a m e t e r  e s t i ma t e s  w i l l  b e  
c o mpa r e d : h yd r a u l i c  
c h a r a c t e r i s t i c . T w o 
pa r a m e t e r  e s t i m a t i o n 
c o n d u c t i v i t y  a n d  s o i l wa t e r  
m e t h o d o l o g i e s  w i l l  
b y  m o d e l f i t t i n g  a nd 
be · u s e d : 
p a r a m e t e r  
e s t i m a t i o n b y  c o n v e n t i o n a l t e c h n i que s . 
PARANE T E R  E S T I NA T I ON BY NOD E L  F I T T I NG .  
L y s i m e t e r  C o n s t r u c t i o n . 
T he f i e l d  s i t e s t ud i e d w a s  d e s c r i b e d  b y  T r o o i e n e t  
a l . ( 1 9 8 5 ) . T h e  t r a n s i o m e t e r  i n s t ru m e n t a t i on u s e d b y  
T r o o i e n w·a s  l e f t i n  p l a c e . T h e  s i t e �a s c o n v e r t e d  t o  a 
d r a i n e d  l y s i m e t e r  i n  a m a n n e r s i m i l a r t o  t h a t  u s e d b y  
D o e r i n g e t  a l . 
t r e n c h i n g ( F i g . 
( 1 9 8 6 ) . T h e  · m o n o l i t h wa s i s o l a t e d  b y  
4 )  t h r o u g h  t h e  t o p s o i l  i n t o  t h e  s l o � l y  
p e r m e ab l e  l a ye r o n  a l l f o u r  s i d e s ( F i g . 5 ) , r e s u l t i n g  i n  a 
m o n o l i t h 1 1 . 7  m b y  1 1 . 7  m .  D r a i n a g e  w a s  p r o v i d e d  b y  
i n s t a l l i n g a 1 0 . 2 - c m  ( 4 - i n . ) c o r ru g a t e d  p l a s t i c dra i n  t i l e  
a l o n g  t h e  s o u t h  e d g e o f  t h e  s i t e , o n  a g r a de f r om w e s t  t o  
e a s t and w i t h t h e  o u t l e t  a t  2 . 5 9 m ( 8 . 5  f t . )  be l o w t h e  
g r o u n d  s u r f a c e . T h e  t i l e  l i n e  d r a i n ed i n t o  a s ump a t  t h e  
s o u t h e a s t c o rn e r  o f  t h e  p l o t . T h e  s um p  w a s  c o n s t r uc t e d  
f r om a c o r r u g a t e d  s t e e l  c u l v e r t  4 5 . 7  e m  ( 1 8 i n . ) i n  
d i am e t e r  a n d  3 . 0 5 m ( 1 0 f t . )  l o n g . A w o o d e n  b a s e  wa s 
2 8  
,... -
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g l u e d  o v e r  o n e  e n d  to pr e v ent wa t e r  l o s s  t o  t h e  
s u r r o und i n g . s o i l , and a h o l e  w a s  c u t i n . i t s s i d e  f o r  t h e  
d ra i n  t i l e ' s  en t r anc e . A s ub me r s i b l e  s ump pump w a s  u s e d  t o  
l i f t t h e  l y s i m e t e r ' s d r a i n a g e  wa t e r  o u t  o f  t h e  s ump . 
H o r i z o n t a l wa t e r  f l o w i n t o o r  o u t  o f  t h e  l y s i me t e r  wa s 
p r e ve n t ed b y  p l a c i n g  a 6 - m i l p l a s t i c  ba r r i e r  v e r t i c a l l y  
a r o u nd a l l  f o u r  s i de s  o f  t h e  m o n o l i t h a nd e x t e nd i n g  i t 
h o r i z o n t a l l y t o  c o v e r p a r t  o f  t h e  t r e n c h  bo t tom , wh i ch wa s 
i n  t h e  f i n e - t e x t u r e d  ma t e r i a l . G r anu l a r  b e n t o n i t e  w a s  
p l a c e d o v e r t h e  e d g e o f  t h e  p l a s t i c  a s  a s e a l  be t we en t h e  
p l a s t i c  and t he t r e n c h  b o t t o m  b e f o r e  bac k f i l l i n g  t h e  
t r e n c h  ( F i g . 6 ) .  An enve l o pe o f  s m a l l r oc k , abo u t  6 mm 
( 0 . 2 5 i n : )  d i am e t e r , wa s p l a c e d  a r ound t h e  dra i n  t i l e a nd 
b u i l t  u p  abo v e  t h e  dr a i n  t i l e t o  t h e  l e v e l  o f  t h e c o a r s e  
s i l t / f i n e s and l a y e r  t o  ma x i m i z e  t h e  d r a i na g e  c a pac i t y  o f  
t h e  l ys i me t e r ( F i g . 7 ) . T h e  s ma l l r o c k  u s ed t o  pr o v i d e a 
h yd rau l i c c o n n e c t i o n b e t w e e n  t h e  c o a r s e  · s i l t / f i n e s and 
l a y e r  and the t i l e was bu i l t u p  by a l t e rna t e l y add i n g t h e  
s m a l l r o c k  o n  t h e  t i l e s i de o f  t h e  p l as t i c  and bac k f i l l i ng 
t h e  t r e nc h o n  t h e · o ppo s i t e  s i de o f  t h e  p l a s t i c .  
T h e  wa t e r  t ab l e  w i t h i n t h e  l ys i m e t e r  was a � t i f i c i a l l y 
ra i s ed u s i n g wa t e r  s upp l i e d b y  a we l l  o n  s i t e �  Th e wa t e r  
w a s  a pp l i ed t h r o ugh d r i p  l i n e s  c o n s t r u c t e d  f r om 
po l ye t h y l e n e  t ub i ng r u nn i ng n o r t h and s o u th o v e r  t h e  
s u r f ac e  o f  t h e  p l o t . T h e  t u b i n g  w a s  s pa c e d  at i n t e r va l s 
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F i g u r e 6 .  P l a s t i c b a r r i e r w i t h b e n t o n i t e f o o t i n g u s e d t o  
p r e v e n t  h o r i z o n t a l  wa t e r  f l o w  f r o m t h e  l y s i me t e r . N o te 
t h e  p l a s t i c  on t h e  r i g h t  w a l l  o f  t h e  t r e n c h , t h e  
· b e n t o n i t e ( w h i t e ) a t  t h e  f a r  e nd o f  t h e  t r e n c h  f l o o r , a n d  
t h e  s o i l  c o v e r i n g  t h e b e n t o n i t e i n  t h e  n e a r  e n d  o f  t h e  
t r e n c h  f l o o r . 
A .  P l a n  v i ew o f  
t ra n s i ome te r 
s i te .  
Pea ro c k ""­
e n v e l o:_
_ 
""-- · · 
D ra i n  l i ne 
en t r a n c e  to 
s ump 
No r t h  r 
D ra i n l i n e 
S ump T ra n s i om e t e r s  
S ump � 
( 
\ -l l 
r--j 
.t"-W 
l o ra i n l i n e po s i t i o n 
a l o ng s o u t h  p l ot  
bound a ry 
I 
8 
1 5  
1 9  
7 
1 1  
1 6  1 2  
2 0  
C .  S ump  en l a rg eme n t .  B .  S e c t i on A-A . 
S i l t  l o am Tre n h 
Coa r s e  s i l t/ f i n e  s a nd ·
7 c 
'/ C l ay ( " I mp e rmea b l e l aye r " ) 
1 4  6 
10 
1 8  
P l a s t i c 
ba rr i e r 
; 
F i g u t ' e  7 .  T r u u s i o m e l e r  d ee p  m o il i L o t · i. n g s i. L e c o n v e t · L t-! d t o n d r · n i r H'"! d  .l y s i HH � t. < � r · . w N 
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o f  0 . 6 1 m ( 2 f t ) ,  w i t h  d r i p  e m i i t e r s  p l ac e d  a t  0 . 6 1  m · ( 2  
f t ) i n t e rv a l s  ( F i g . 8 ) . A v o l um e t r i c f l ow m e t e r  � a s  
p l ac e d  i n  t h e  i r r i g a t i o n s u p p l y  l i n e  t o  m e a s u r e  i r r i g a t i o n  
v o l um e , and a f l oa t - t yp e  m e c h a n i c a l  s t a g e  r e c o rd e r w a s  
p l a c e d  a t  t h e  s u mp t o  m on i t o r  p u m p  c yc l i ng .  
D a t a  Ac q u i s i t i o n S ys t em s . 
T h e  t r a n s i ome t e r  d a t a  a c q u i s i t i o n s ys t em was u s e d  t o  . 
r e c o r d  h o ur l y  s o i l  w a t e r  p o t e n t i a l  r e ad i ng s  f r o m  t h e  
t r an s i ome t e r s . I t  wa s  h o u s e d i n  a r e f r i g e r a t o r  ( F i g . 9 ) , 
and c o n s i s t e d  o f  a H e w l e t t - P a c k a r d  7 1 B p r o g r ammab l e  
c a l c u l a t o r , a H e h· l e t  t - P a c k a r d  3 -l- 2 1 A  D a t a  
Ac qu i s i t i o n / C on t r o l  Un i t , a H ew l e t t - Pa ck a rd 8 2 1 6 1 A D i g i t a l  
C a s s e t t e D r i v e , a Lambda M o d e l LM 2 6 6  p o w e r  s u ppl y ( 0 - 6 0  
VDC ) s e t  a t  8 . 0  v o l t s  f o r  t h e  t r a n s i om e t e r s  and a Lambda 
M o d e l LM 2 0 2  powe r s upp l y  ( 0- 7  VD C ) s e t  at 5 . 2 5 v o l t s f o r  
t h e  d i g i t a l  c a s s e t te d r i v e , a l l  p o w e r e d  b y  a 1 2 0 - v o l t , S O ­
c yc l e  e l e c t r i c a l  s up p l y . 
T h e  we a t h e r  s t a t i on da t a  a c qu i s i t i on s ys t em de s c r i bed 
b y  T r o o i en e t  a l . ( 1 9 8 5 ) wa� u s ed to mon i t o r  t h e  t i me 
d i s t r i but i o n  o f  ra i n f a l l and d a i l y  h i gh and l ow 
t empe r a t u r e s  on s i t e . H o u r l y  r a i n f a l l  i s  u s ed by DRAI NMOD 
f o r  h o u r l y  wa t e r  ba l anc e c a l c u l a t i o n s . Da i l y h i gh a nd 
l ow - t empe ra t ure s a r e  u s ed b y  DRA I NMOD i n  t h e  T h o rn thwa i t e  
c a l c u l a t i o n o f  da i l y p o t e n t i a l e v ap o t rans p i rat i o n , wh i c h 
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F i g u r e  9 .  T r an s i o m e t e r  d a t a  ac qu i s i t i o n  s y s t em . 
3-6 
i s  d i s t r i b u t e d e v e n l y  o v e r  t h e  h o �r s  6 a . m . to 6 p . m .  
L y s i m e t e r  I r r i g a t i o n a nd D r a i n a g e . 
T h e  l y s i m e t e r  was i r r i g a t e d f r om 8 t o  1 1  Aug u s t 1 9 8 6  
t o  ra i s e  t h e  � a t e r  t ab l e , and t h e n  pum ped f r om 1 1  t o 2 6  
A u g u s t 1 9 8 6 . T h e  w a t e r  t ab l e  w i t h i n  t h e  l y s i me t e r  �a s 
ra i s ed t o  w i t h i n  a pp r o x i ma t e l y 1 0 0  em o f  t h e  s o i l  s u r f ac e 
( A pp e nd i x B ) . Ra i n f a l l  and t e m pe r a t u r e  da t a  n e c e s s a ry f o r  
DRAINMOD wa s t a k e n  f r om t h e  w e a t h e r  s t a t i on o n  s i t e and a 
DRA I SMOD s i mu l a t i o n r u n  f r om 1 2  t o  2 5  A u g u s t 1 9 8 6 . H o u r l y  
wa t e r t abl e 
i n s t r u m e n t s 
d e pt h  
( T ab l e  1 )  
t r a n s i om e t e r  
w e r e  t ak e n  
r e ad i n g s  
o v e r  t h e  
f r om 
s ame 
1 3  
t i m e 
pe r i od .  T e n s i o n r e ad i ng s s m a l l e r  t h a n  2 0  em wa t e r  we r e  
c o n v e r t e d  t o  wa t e r  t ab l e  d e pt h  e s t i ma t e s  f o r  i n s t rume n t s  
w i t h c e r am i c  c u p s . F o r  e x a m pl e , t h e  i n s t r um e n t  a t  
l o c a t i o n 7 ,  a t  a d e p th o f  1 5 2 e m  d e pth , w i t h  a r e ad i ng o f  
- 1 0  e m  wa t e r , w a s  a s s umed t o  i nd i c a t e d  a wa t e r  t ab l e  d e p t h  
o f  1 6 2  e m . A f t e r  a d j u s t i ng wa t e r  t ab l e r e ad i ng s  t o  
i nc l ud e  t e n s i on s  s ma l l e r t han 2 0  e m  w a t e r , t h e  w a t e r  t ab l e  
r e ad i n g s  w e r e  c onve r t ed t o  c en t e r l i n e  e qu i va l e n t s  a s  
d e s c r i bed i n  t h e  f o l l o w i n g s ec t i on . 
T r a n s i ome t e r s  a t  l o c a t i on s  1 5  and 1 9  w e r e  i n s ta l l ed 
o n  1 8  J u l y  1 9 8 6 , b u t  d i d  n o t  p r o d u c e  u s e fu l  r e ad i n g s  by 
the t i me o f  the s i mu l a t i o n b e g i nn i ng 1 2  Augu s t  1 9 8 6  
( Append i x  B ) , e v e n  t h o u g h  t h e  t ra n s i ome t e r s  w e r e  n e w . 
T h e i r  r e ad i n g s  w e r e  n o t  u s e f u l f o r  m o de l f i t t i n g  p u r p o s e s  
b e c a u s e  t h e y  d i d  n o t  r e ac h  o r  e x c e e d t h e  l e v e l  o f  t h e  
d r a i n  l i n e  f o r  p e r i o d s  o f  t i me l o n g  e no u g h  t o  a t t em p t 
u s i n g t h e  m o d e l f i t t e r . T h e  n e w l y - i n s t a l l e d  t r an s i ome t e r s  
ma y n o t  h a v e  a t t a i n e d  e qu i l i b r i um wi t h  t h e s o i l  wa t e r  b y  
t h e s i m u l a t i o n p e r i o d d u e  t o  t h e  s l o w ab s o r p t i o n o f wa t e r 
b y  t h e  b e n t o n i t e u s e d t o  s e a l  m o s t  o f  t h e  l e ng t h  o f  t h e  
a u g e r  h o l e  i n  wh i c h  t h e  t r a n s i o m e t e r s  w e r e  p l ace d . 
T ab l e  1 .  
r e ad i ng s . 
T r an s i o m e t e r s  u s e d f o r  h ou r l y  �a t e r t ab l e  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
L o c a t i o n D e p t h  D i s t an c e f r om D i s t an c e f r om 
c e n t e r l i n e e a s t bo r d e r  
( e m )  ( e m )  ( em )  
6 1 7 3 2 2 4  - 8 0 3  
7 1 5 2 9 4 7  8 0 5  
8 1 6 8  9 6 9  3 6 8  
1 0  3 7 1 3 7 5  9 6 3  
1 1  3 7 3  7 9 8 9 6 3  
1 2  3 6 6  8 0 5  2 2 4  
1 4  1 7 3  2 9 6  8 8 6  
1 5  3 6 6 9 9 7  9 0 7  
1 6  - 3 6 6  8 8 0  3 1 2  
1 8  6 1 0 3 6 0  8 2 0  
1 9  6 1 0 1 0 2 8  9 6 0  
2 0  6 1 0  8 1 1  3 7 8  
Adj u s tme n t s  f o r  K o nm i dp o i n t T r a n s i o m e t e r  r1e a s u reme n t s . 
DRAI NMOD p e r f o rm s a wa t e r  b a l anc e m i dway b e t w e e n  
p a r a L l e l  s ub s ur f a c e  dra i n s , b u t  t h e t ra n s i ome t e r s  d i d  n o t  
m e a s u r e  wat e r  t ab l e l e ve l s  m i dway b e t we en par a l l e l  d ra i n  
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l i n e s . T h e r e f ore , a n  a d j u s t me n t  wa s ne c e s s a r y t o  
a p p rox i ma t e  t h e  wa t e r  t a b l e p os i t i o n a t  · t h e  c e n t e rl i n e , 
b a s e d  o n  n o n c e n t e r l i n e m e a s u r em e n t s . T h e  wa t e r  t ab l e  
d u r i n g d ra i na g e  wa s a s s u me d  t o  h av e  t h e  s h ape of a n  
e l l i p s e  ( F i g . 1 0 ) , w i t h t h e  ma j o r a x i s  e qu a l  i n  l e ng t h  t o  
t h e  d ra i n  s pa c i ng a n d  t h e  m i n o r  a x i s  e qu a l  i n  l e n g t h  t o  
t w i c e t h e  h e i g h t  of t h e  w a t e r  t ab l e  abov e  t h e  dra i n  l i n e . 
Th e wa t e r  t ab l e p ro f i l e  w a s  a ss u m e d  t o  i n t e r s e c t  t h e  dra i n  
l i n e and t h e  mi dpo i n t  w a t e r  t ab l e  p o s i t i o n ( S k a g g s , 
1 9 8 6 ) . 
T h e  m i dpo i n t wa t e r  t ab l e  d e p t h  DTWT i s  t h e  d i f f e r e n c e  
b e t we en t h e  d r a i n  d e p t h  DDRA I �  a n d  t h e  m i dpoi n t w a t e r  
t ab l e  h e i g h t  m above t h e  d r a i n  l i n e , i . e .  
wh e r e  
and 
D TWT = DDRA I N  - m 
D T WT = m i dp oi n t d e p t h  t o  wa t e r  t ab l e ,  e m  
D DR A I N  = dr a i n  d e pt h , e m  
( 6 ) 
m = c e n t e r l i n e  wa t e r  t ab l e h e i gh t  a b ov e  t h e  
d r a i n  l i n e . 
Th e n onc e n t e r l i ne w a t e r  t ab l e  h e i g h t  Y a b o v e  t h e  
d r a i n  l i n e  i s  th e d i f f e r e n c e  b e t we en t h e  dra i n  depth 
D DRA I N  and t h e  n on c e n t e r l i ne w a t e r  t abl e d e p t h  D TWT ( X ) , · 
i . e .  
Y = DDRA I N  - D TWT ( X )  ( 7 ) 
y 
G ro u nd s u r f a c e  
� I a  t e r  t a b  1 e pro f i  1 e 
DT\�T ( X )  
Cen t e r l i n e 
Ill 
y 
X ... I I 
A 
F i g u r e  1 0 . E l l i p t i c a l  wa t e r t a b l e · p r o f i l e . 
D O RA I N  
) I .. X 
w 
(D 
4 0  
w h e re Y = n o n c e n t e r l i n e wa t e r  tab l e  h e i g h t  abo v e  
a nd 
t h e  d r a i n  l i n e , e m  
DDRAI N = d ra i n  d e p t h , e m  
DTWT ( X )  = n o n c e n t e r l i n e d e p t h  t o  wa t e r  . t a b l e  
a t  l o c a t i o n X ,  em . 
T h e  Ca r t e s i an e qua t i o n o f  an e l l i p s e  c e n t e r e d  a t  t h e  
o r i g i n  i s  
2 2 
( X / 1 ) + ( Y /m ) = 1 ( 8 ) 
w h e r e  1 = o n e - h a l f  t h e  ma j o r ax i s  l e n g th , e m  
a n d  m = o n e - h a l f t h e  m i n o r  a x i s  l e n g t h , e m . 
F o r  d ra i n i n g s o i l p r o f i l e s , t h e  a s s ump t i o n made ab o v e  
r e q u i r e s  1 t o e qu a l  o n e - h a l f  t h e  d r a i n  s pac i n g and m t o  
e qu a l  t h e  c e n t e r l i n e  wa t e r  t ab l e  h e i g h t  a b o v e  t h e  d r a i n  
l i n e . S o l v i ng E qua t i on ( 8 ) f o r  m and t ak i n g  t h e  p o s i t i v e 
r o o t  y i e l d s  
m = Y I 
2 { 1 / 2 ) 
1 - ( X / 1 )  ] ( 9 ) 
S ub s t i t u t i ng E qu a t i on ( 9 ) f o r m i n t o  E q u a t i on ( 6 )  yi e l d s  
2 ( 1 / 2 ) 
DTWT = D DRA I N - { Y  I [ 1 - ( X / 1 ) ] } ( 1 0 )  
S ub s t i t u t i ng E qu a t i o n ( 7 ) f o r  Y i n t o  E q ua t i o n ( 1 0 )  y i e l d s  
D TW T  
wh e re 
a n d  
DDRAIN 
DDRAI� - DTWT ( X )  
2 ( 1 / 2 ) 
[ 1  - ( X / 1 )  ] 
DTWT = c en t e r l i n e wa t e r  t ab l e  d e p th , em 
DDRAI� = d r a i n  d e p t h , em 
- 1 6 4  em 
( 1 1  ) 
DTWT ( X )  = d e p t h  t o  wa t e r  t a b l e  a t  l o c a t i o n X ,  
em , 
X = l a t e r a l  d i s t an c e f r om t h e  c e n t e r l i n e t o  
t h e  mea s u r em e n t  l oc a t i o n , e m  
1 = o n e - h a l f t h e  dra i n  s pa c i n g , em 
= 1 1 7 0 em . 
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E qu a t i o n  ( 1 1 )  was u s ed t o  p r o j e c t  t r a n s i ome t e r  
r e a d i n g s  back t o  t h e i r  c e n t e r l i n e  e qu i va l e n t s f o r  
c ompa r i s o n w i t h DRA I NMOD p r e d i c t i on s . 
D r a i n a g e  S ys t em a nd M i s c e l l an e o u s  Pa r am e t e r s . 
E f f e c t i ve D r a i n  R ad i u s . T h e  d ra i n  t i l e  h ad · a 
d i ame t e r  o f  1 0  em ( 4  i n . ) .  T h e  DRAI NMOD R e f e r enc e R e po r t  
g i ve s a n  e f f ec t i v e d ra i n  r ad i u s  o f  Re = 5 . 1  mm f o r  a 1 0  em 
d r a i n w i t h  n o  g
'
rav e l  e nv e l o p e . I t  s t a t e s , h ot� e ve r , t h a t  
wh en a c y l i nd r i c a l l y - s h aped g r a v e l e n v e l ope i s  p l a c e d  
a r o u nd t h e  t i l e  d r a i n , t h e  e f f e c t i ve r a d i u s  o f  t h e  d r a i n  
m a y  b e  t ak e n  t o  b e  t h e  e nv e l op e ' s  o u t s i de r adi us . I f  t h e  
g ra v e l e n ve l o p e  a r o und t h e  d r a i n  l i n e  i s  s quare i n  c r o s s 
s e c t i o n , t h e  e f f e c t iv e  r ad i u s  b e c o m e s  1 . 1 7 7 c ,  w h e r e  c i s  
o n e - h a l f  t h e  l e n g t h  o f  a s i de o f  t h e  s q u a r e . T h e  r o c k  
e nv e l o p e  p l ac ed o v e r  t h e  d r a i n  t i l e i n  t h i s  e x pe r i me n t  wa s 
t r i a n g u l a r  i n  s h a p e  ( F i g . 7 ) . T h e  t i l e wa s p l ac ed _ o n  t h e  
b o t t o m o f  t h e  t r e n c h  a g a i n s t  t h e  i nn e r  wa l l , a nd t h e  r o c k 
p o u r e d  a g a i n s t  t h e  i nn e r  t r e n c h  wa l l  u n t i l  i t  
c o mp l e t e l y  c o v e r e d  t h e  t u b i ng . T h e  p l a s t i c s h e e t  wa s t h e n  
p u t  i n  p l a c e  and t h e  t r e n c h  w a s  a l t e rn a t e l y  bac k f i l l ed o n  
e i t h e r  s i de o f  t h e  t r e n c h  ( a s d e s c r i b e d  e a r l i e r ) u n t i l  
t h e  r oc k  e n v e l o p e  r e a c h e d  t h e  c o a r s e  s i l t / f i n e  s and l a ye r . 
T h e  e nv e l o p e  was t h u s  n e i t h e r  c i r c u l a r  n o r  s qu a r e  i n  
c r o s s - s e c t i o n s o  t h e  m o s t c o n s e r va t i v e e s t i m a t e  o f  
e f f e c t i v e  r ad i u s i s  R e  = 5 . 1 m m . 
T h e  n e x t  m o s t c o n s e r v a t i v e e s t i m a t e  w o u l d  b e  t o  
a s s um e  t h e  e n v e l o pe w a s  a c y l i nd e r j us t  s u r r o un d i n g t h e  
t i l e , i . e .  t o  t a k e  t h e  e f f e c t i ve r a d i u s  t o  be t h e  a c t u a l 
r ad i u s  o f  t h e  d r a i n  t i l e , w h i ch i s  5 em . 
T h e  l e a s t c o n s e r va t i v e e s t i ma t i on o f  t h e  e f f e c t i v e  
d r a i n  r ad i u s  w o u l d  b e  t o  a s s u m e  t h a t  t h e  e n t i re c o a r s e  
s i l t / f i n e  s an d  l a ye r a c t ed a s  a s qu a r e  g ra v e l e nv e l o p e , 
w h i ch w o u l d  r � qu i r e c t o  be t h e  d i s t a n c e  b e twe e n  t h e  
a s s um e d  d r a i n  l i n e  p o s i t i o n a n d  t h e  a s s umed i mp e rm e ab l e  
l a y e r , i . e .  1 8 9 - 1 6 4 e m = 2 5  e m . T h u s , Re = 1 . 1 7 7  * 2 5  = 
2 9 . 4  e m . F o r  DRAINMOD s i m u l a t i o n - p u r po s e s , t h e  v a l u e  o f  
R e  w a s  a s s ume d t o  b e  5 e m . 
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D r a i n  Spa c i n g . T h e  d r a i n  s p ac i n g  f o r  DRA I NMOD 
s i mu l a t i o n p u r po s e s  was 2 3 . 4  m ,  o r  t w i c e  t h e  l ys i me t e r  
w i d t h , wh i c h  a s s um e s  t h a t  t h e  p l o t  i s  t h e  e q u i v a l e n t o f  
t h e  r e g i o n o f  s pa c e  b e t we e n  a d r a i n  l i n e  and t h e  m i dp o i n t 
b e t we en t w o  a d j a c e n t  d r a i n  l i n e s . 
3 . Dra i n  D ept h . T r o o i e n e t  a l . ( 1 9 85 )  f o u n d  a 
c o a r s e  s i l t / f i n e s an d  l ay e r  i n  t h e i r  6 . 1 0 m t r a n s i ome t e r  
d r i l l l o g s , e x t e nd i n g f ro m  a s  s h a l l ow a s  1 2 2 em t o a s  de e p  
a s  1 9 2  em , a t  t h e  l y s i rn e t e r  s i t e . T h e  m i dp o i n t s  o f  t h e  
c o a r s e  s i l t / f i n e s and l a y e r  f o r  e a c h  dr i l l l o g �.;a s  
c a l c u l a t e d , and t h e  a v e r a g e , 16 4 e m  , w a s  a s s um e d  t o  b e  
t h e  d r a i n  d e p t h . 
4 • D r a i nage C o e f f i c i e n t . T h e  d r a i na g e  c o e f f i c i e n t  
( DC )  i s  t h e  c a p a c i t y o f  t h e  d r a i n a g e  s y s t e m  f o r  wa t e r  
r e m o va l . I t  i s c a l c u l a t e d  f r o m  t h e  e qu a t i on 
DC = Q I ( L  * S DRAI N )  ( 1 2 )  
wh e r e : Q = max i mum f l o w r a t e f r o m  a n  i nd i v idu a l  dra � n , 
3 
m / s , 
L = dra i n  l en g t h , m ,  
a n d  S D RA I N ' = d r a i n  s p a c i n g , m .  
T h e  max i mum d i s ch a r g e  Q i s  a f u nc t i o n o f  t h e  dra i n  
d i ame t e r  and i t s g rade o r  s l o pe . T h e  dra i n a g e  c o e f f i c i e n t  
f o r  th i s  p r ob l e m wa s e s t i ma te d  a t 7 1 . 4  em / day f r o m  t h e  
Un i t ed S ta t e s  D e p a r tmen t o f  Ag r i c u l t u r e , S o i l  C o n s e rva t i on 
,· 
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S e r v i c e , n om o g r a ph ' ' P l a s t i c  ·Tub i n g  D r a i na g e  C h a r t "  ( NCC I , 
1 9 8 5 ) . H owev e r , t h e  s ump pump u s ed i n  t h i s  s t udy d i d n o t  
h av e  t h e  c �pac i t y t o  r e m o v e  7 1 . 4  e m / day f r om th e pl o t . 
I t s c apac i t y wa s e s t i ma t e d  a t  2 7 . 2  e m / d a y ; t h e r e f o r e  t h i s  
w a s  u s e d a s  t h e  e s t i ma t e d  d r a i n a g e c o e f f i c i e n t . ( F o r  
c ompa r i s on , N C C I ( 1 9 8 5 ) .  g a v e  a n  · e x amp l e  d r a i n a g e  
c o e f f i c i e n t  o f  1 . 5  e m / d a y  f o r  1 0 - c m  ( 4 � i n . ) dra i n s  o n  a 
g r ad e  o f  0 . 0 02 m /m ( 0 . 0 02 f t / f t ) w i t h  l e n g t h  4 02 . 3  m ( 1 32 0  
f t ) a n d  s pac i ng 3 0 . 5  m ( 1 0 0  f t ) . )  
5 • M i s c e l l an e ou s  Pa r a me t e r s . T h e  l a t i t ude o f  t h e  
s i t e i s  4 4  de g r e e s , 3 1  m i nu t e s  n o r t h . T h e  h e a t  i n d e x  u s e d  
i n  t h e  Th o r t hwa i t e c a l c u l a t i on o f  po t e n t i a l  
e vapo t ran s p i r a t i on w a s  3 9 . 3 0 ( L y t l e , 1 9 8 7 ) . Th e i n i t i a l  
wat e r  t a b l e d e pth f o r  DRA I NMOD s imu l a t i o n pu r p o s e s  w a s  
a s s um e d  t o  b e  t h e  i n i t i a l  t r an s i o m e t e r  r e ad i n g , adj u s t e d  
t o  i t s c e n t e r l i n e  e qu i v a l e n t . S u r f a c e  d r a i n a g e  w a s  
e s t i ma t e d  a t  1 -. 1  e m , b a s e d  o n  th e v o l um e  o f  wa t e r  appl i e d 
.a t  t h e  t i me r un o f f  b e g a n  on t h e  p l o t  d u r i ng i r r i g a t i on . 
C OMPU T ER MOD E L I N G . 
T h e  BAS I C  v e r s i on DNMD o f  DRA I NMOD ( NC C I , 1 9 8 5 ) w a s  
m o d i f i e d i n  s ev e r a l  way s  t o  b e  u s ed i n  C a r l s on a n d  
N i e l s e n ' s ( 1 9 8 7 ) mode l f i t t i n g  t e c h n i q u e . S e v e r a l  p r o g ram 
m o d i f i c a t i o n s  w e r e  n e c e s s a r y  to a l l ow i t s use in the m od e l  
f i t t e r . 
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� Va r i ab l e  B eg i n n i ng a n d  E n d i ng D a t e s . T h e  f i r s t  
p r o g r am m o d i f i c a t i o n  a l l ow e d  DRA I NMOD t o  beg i n  and e n d  
s i m u l a t i o n s  o n  a n y  d a y  o f  t h e  m o n t h , i n  p l a c e  o f  i t s 
o r i g i na l  c a p a c i t y o f  s ta r t i n g  o n l y  a t  t h e  b e g i nn i n g  day o f  
t h e  s t a r t i ng m o n t h  a n d  e nd i n g a t  t h e  l a s t  day o f  t h e  f i n a l  
m o n t h . F o r  e x amp l e , t h e  o r i g i na l  m o de l o n l y a l l ow e d  t h e  
u s e r  t o  b e g i n  s i m u l a t i on s  o n  J a n u a ry 1 ,  F e b r u a r y  1 ,  M a r c h  
1 ' e tc . , and end s i m u l a t i o n s  o n  J an u a r y  3 1 , F eb r u a r y  2 8 , 
M a r c h  3 1 , e t c . , �h i ch p r e v e n t s  u s e  o f  t h e  mode l un l e s s  t h e  
i np u t  d a t a  i s  t r a n s l a t e d  i n  t i m e  t o  t h e  f i r s t  o f  t h e  
m o n t h . D o i n g s o  � o u l d  a l s o  r e qu i r e t r an s l a t i o n o f  w e a t h e r  
da t a , wh i c h  i s  v e r y u n d e s i r ab l e  b e c a u s e  o f  t h e  n e c e s s i t y 
o f  e x p l an a t o r y  n o t e s  a c c ompan y i n g  t h e t r an s f o rm a t i on , a n d  
a t r a n s f o r m a t i o n b a c k  i n t o  r e a l t i m e f o r  t h e b e s t  
i n t e rp r e t a t i o n o f  t h e  r e s u l t s . T h e  p r o g r a m  w a s  m o d i f i e d  
s o  t h a t  i t  c a n  b e g i n  o n  a n y  d a y  o f  t h e  m o n t h  a nd e n d  · o n  
a n y  d ay o f  t h e  m o n t h , 
·Apr i l  1 5  t o  J u l y  2 4 , 
e . g ,  s i m u l a t i on s  c a n  b e r u n  
f r om J u n e  2 t o  Oc t obe r 3 0 , 
f r o m  
e t c . 
M o r e o v e r , s i m u l a t i on s  c a n b e  r u n  w i t h i n  a m o n t h , s u c h  a s  
f r om A u g u s t 1 2  t o  · A u g u s t 2 5 , t o  f a c i l i t a t e  t h e  mode l i n g  o f  
f i e l d e v en t s . 
� M anda t o ry H o u r l v  W a t e r  B a l an c e  C a l c u l a t i on s . T h e  
s e c o nd m o d i f i c a t i on f o r c e d  t h e  m od e l  t o  pe r f o rm wa t e r  
b a l a n c e  c a l c u l a t i o ns e v e r y  h o u r . N o rm a l l y , DRA I NMOD 
p e r f o rm s  h ou r l y �a t e r  ba l a n c e c a l c u l a t i o n s  o n l y  i f  
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r a i n f a l l o c c u r s · on a g i v en d a y .  I f  n o  r a i n f a l l o c c u r s  on 
t h a t  day , y e t  a r e s i du a l d e p t h  o f  0 . 0 0 1  em o f  s u r f a c e  
s t o r a g e  o f  wa t e r  i s  pr e s en t a t  t h e  b e g i nn i n g  o f  t h e  da y , 
wa t e r  ba l an c e  c a l c u l a t i o n s  a r e  p e r f o rm e d  e v e r y  t w o  h ou r s . 
I f  n o  r a i n f a l l o c c u r s du r i n g a d a y  a n d  s u r f a c e  s t o r a g e  i s  
l e s s  t h an t h e  r e s i d u a l  a t  t h e  b e g i nn i n g  o f  t h e  d a y , t h e  
w a t e r  b a l a n c e  c a l c u l a t i o n i n t e r va l i s  s e t  t Q  24  h o u r s . 
T h e  s e c o nd m od i f i c a t i on a l l ow e d  a s ep a r a t e  f i l e o f  h ou r l y  
d e p t h  t o  w a t e r  t abl e v a l u e s  t o  b e  w r i t t e n  t o  m a t c h  h ou r l y  
t r a n s i om e t e r  r e ad i n g s . T h e  p u r p o s e  o f  u s i ng m a t c h e d  
h ou r l y  de p t h  t o  wa t e r  t a b l e v a l u e s  ( pr oduc ed by b o t h  a 
f i e l d  ev e n t  a nd DRA I NMOD ) w a s  t o  a l l o w t h e  m od e l f i t te r  t o  
a d j u s t  t h e  h yd r au l i c  pa r a me t e r s  u s e d b y  DRA I NMOD un t i l  t h e  
s u m  o f  t .h e  s q u a r ed d i f f e r e n c e s  b e t we e n  d e p t h  t o  w- a t e r  
t ab l e  v a l u e s  p r o du c ed b y  DRAI NMOD a n d  t h e  c o r r e s po nd i n g  
m e a s u r e d v a l u e s  was m i n i m i z e d . 
h Adj u s
-
t e d  P a r am e t e r  I npu t . T h e  t h i rd m o d i f i c a t i o n 
. a l l ow e d  DRA I NMOD t o  u s e  h yd r a u l i c p a r am e t e r s  c on t i n u a l l y  
a d j u s t e d  by t h e  mode l f i t t e r . DRA I NMOD was m od i f i e d t o  
r e a d  a s ma l l data f i l e c o n ta i n i n g  s o i l p r o p e r t y  da t a  
p r o du c e d  f ro m  t h e  h yd r a u l i c  p a r am e t e r s  m o d i f i e d by t h e  
m o d e l f i t t e r . A s  a r e s u l t , w h e n  t h e  s o i l  w a t e r  
c h a r a c t e r i s t i c  a n d  h ydrau l i c  c o ndu c t i v i t y par ame t e r s H , B 
E 
a nd K w e r e  a d j u s t e d  b y  t h e  m o d e l f i t t e r , 
s 
DRA I NMOD 
e s t i ma t e s  o f  wa t e r  t a b l e  d e p t h  c h an g e . T h i s  a l l ow e d  t h e  
b e s t  H , 
E 
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B a n d  K t o  b e  f o u nd b y  m i n i m i z i ng t h e  s um o f  
s 
t h e s q u a r e d d i f f e r e n c e s  be t we e n  D R A I NMOD e s t i ma t e s  a nd 
t r a n s i om e t e r  m e a s u r em e n t s  o f  wa t e r  t a b l e d e p t h . DRA I Ni"IOD 
r e q u i r e s t a b u l a r  f o r m f o r  the i n p u t  o f  t h e  h yd r a u l i c  
c o nd u c t i v i t y , t h e  io i l  w a t e r  c h a r ac t e r i s t i c , t h e  d r a i n e d  
v o l ume - wa t e r  t ab l e  d e p t h r e l a t i o n s h i p ; t h e  u pwar d  f l ux -
w-a t e r t ab l e d e p t h  r e l a t i o n s h i p a n d  t h e · G r e e n - Amp t 
pa r ame t e r - wa t e r  t ab l e  de p t h  r e l a t i o n s h i p . Th e f i l e  
SO I L S . DAT w- a s  i n  t h i s  f o rm . C ampb e l l ' s ( 1 9 7 4 ) e qu a t i on 
f o r h e a d  ( E qu a t i o n ( 1 ) )  w a s s o l v ed f o r  v o l ume t r i c  m o i s t u r e  
c o n t e n t , a rb i t r a r y  h e ad v a l u e s  we r e  c h o s e n a nd 
c o r re s p o nd i n g v o l ume t r i c  m o i s t u r e  c o n t e n t s  c a l c u l a t e d  f r o m  
f i t t e d  o r  l ab o r a t o r y e s t i ma t e s  o f  H a n d  B va l u e s t o  
E 
num e r i c a l l y  e s t i ma t e  t h e  s o i l wa t e r  c h a r a c t e r i s t i c  f o r 
e a c h  l a ye r  o f  t h e  s o i l . T h e  r e s u l t i ng t ab u l a r  f o r m  o f  t h e  
s o i l  wa t e r c h a r ac t e r i s t i c s  w e r e  u s e d , a l on g w i t h s a t u ra t e d  
h ydra ul i c c o ndu c t i v i t i e s f r o m  f i t t ed o r  l abo r a t o r y 
e s t i ma t e s  ( l abo r a t o r y  e s t i ma t e s  u s i ng t h e  c o n s t an t  h e ad 
m e t h o d ) , t o  nume r i ca l l y  e s t i ma t e  t h e  dra i ned v o l ume - wa t e r  
t ab l e  d e p t h · r e l a t i o n s h i p , t h e  upwa rd f l ux - wa t e r  t ab l e  
d e p th r e l a t i o n s h i p  and t h e  G r e e n - Am p t  pa rame t e r - wa t e r  
t ab l e  d e p t h  r e l a t i on s h i p . 
N o r ma l l y , DRA I Nt-'IOD r e a d s  o n e  da ta f i l e , e . g .  
P O I N S E TT . DAT f o r  t h e  Po i n s e t t  s i l t  l o am , s p e c i f i ed b y  t h e  
u s e r . The f i l e c o n ta i n s a l l t h e  i np u t  pa r ame t e r s  f o r  
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runn i ng t h e  m ode l ( e x c e p t . r a i n f a l l  and t empe r a t u r e  
r e c o r ds ) ,  s uc h  a s  t h e  d r a i na g e s y s t e m  d e s i gn , t yp e  o f  
d r a i n a g e  s y s t e m , s o i l p r o p e r t i e s , e tc . PO I N S E TT . DAT w a s  
l e f t  i n t a c t , r e ad by DRA I NMOD a n d  c l o s e d . T h e n  t h e 
m o d i f i ed s o i l p r o pe r t y  d a t a  f i l e , S O I L S . DAT , was o p e n e d  
a n d  r e ad s o l e l y  f o r  t h e pu r p o s e  o f  obt a i n i ng i t s · s o i l  
p r o p e r t y  d a t a , and c l o s ed . T h e f i l e S OI LS . DA T  c on t a i n e d  
s o i l p r o pe r t y  d a t a  i den t i c a l  i n  f o rm t o  t h e  c on v e n t i on a l 
d a t a  f i l e , b u t t h e  s o i l p r o pe r t y  d a t a  i t  c o n t a i n ed wa s t h e  
r e s u l t  o f  m od e l  f i t t e r  o p e r a t i o n o n  t h e  h ydr au l i c 
p a r ame t e r s be i n g  f i t t ed . Ra i n f a l l a n d  t e mp e r a tu r e  r e c o rd s  
�e r e  r e ad f r o m  s e p a r a t e  f i l e s  a n d  t h e  s i m u l a t i o n b e g un . 
C h a n g e s  i n  t h e  pa rame t e r s  H , 
E 
B ,  
a f f e c t  t h e  r P s u  l t s p r o d u c e d  b :v DRA I N I'j 0D . 
K a n d  9 ..: i l l  
s s 
T h e m od i f i e d 
s o i l  p r o pe r t y  da t a  f i l e S O I L S . DAT wa s d e v e l o p e d  t o  e x p l o i t  
DRA I NMOD ' s  d e pe n d e n c e  o n  t h e  K ( 9 )  a n d  H < 9 )  f u nc t i on s , i . e .  
i t s  de pende n c e  upon H 
E 
B ,  K a n d  e i n  t h e  m o de l f i t t e r . 
s s 
DRA I NMOD r e qu i r e s  t a bu l a r , r a t h e r  t h a n  func t i on a l , f o rm 
f o r  i npu t of the h yd r au l i c  c ondu c t i v i t y v e r s u s  d e p t h  
r e l a t i on s h i p ; t h e
' s o i l  wa t e r  c h a r a c t e r i s t i c o f  t h e  
t i i h t e s t  l a y e r  i n  t h e  p r o f i l e ; a n d  t h e  d r a i n e d  v o l um e - , 
u pwa rd f l u x - and G r e e n -Amp t  p a r am e t e r - w a t e r  t ab l e  d e p t h  
r e l a.t i  o n s h i p s . A l l  t h e s e r e l a t i o n s h i p s d e p end en t i r e l y  o r  
i n  pa r t  o n  t h e  f o u r  p a r ame t e r s  H , 
E 
B ,  K 
s 
by C am p b e l l  { 1 9 7 4 ) ( E q s . ( 1 ) a n d  ( 2 )  ) . 
and 8 a s  g i v e n  
s 
T h e v a l u e o f  e 
s 
5-0 
T h e  c om pu t e r  p r o g r am S O I L P 2 A  ( F i g . 1 1 ) r e ad t h e  da t a  
f i l e s  KHTE S T  and S O I L T E S T , c a l c u l a t e d  t h e  K ( 9 )  f unc t i o n 
f o r  a rb i t rar i l y c h o s e n  t e n s i o n s  a c c o rd i n g  t o  E qu a t i o n ( 2 )  
a n d  e s t i ma t e d  t h e  s t e ad y - s t a t e  u p w a rd f l u x  f r om t h e  w a t e r  
t ab l e u s i n g  t h e  num e r i c a l  me t h od g i v en b y  S k a g g s  ( 1980 ) 
w i th a n  a s s umed s u r f a c e  t e n s i o n o f  4 0 0 e m  o f  wa t e r . I t  
t h e n  i n t e r p o l a t ed v a l u e s  o f  upwa r d  f l ux f o r  wa t e r  t ab l e  
d e p t h s  e qua l t o  t h e  t e n s i o n v a l u e s  u s ed i n  t h e  s o i l wa t e r  
c h a r ac t e r i s t i c  da t a , and wr o t e  t h e  da t a  t o  t h e  f i l e 
U F F LUX . D AT . 
T h e  c ompu t e r  p r o g r a m  S O I L P l A  r e ad t h e  da t a  f i l e s 
KHTE S T  a n d  S O I LTE S T , and , u s i ng E q . ( 1 ) ,  c a l c u l a t e d t h e  
s o i l  wa t e r  c h a r ac t e r i s t i c  f o r  t h e  t i g h t e s t  l a ye r , i . e .  t h e  
l ay e r  w i t h m i n i m u m  K . 
s 
I t  t h e n  c a l c u l a t ed s o i l  �a t e r  
c h a ra c t e r i s t i c  va l u e s  f o r  a l l  s o i l  l a ye r s  a t  t h e  t � n s i o n 
va l u e s  u s ed i n  S O I LP Z A . T h e  s o i l  wa t e r  c h arac t e r i s t i c 
da ta f o r  e a c h  l a ye r  was u s e d t o  e s t i m a t e  t h e  d r a i n e d  
v o l um e - w a t e r  t ab l e  d e p t h  r e l a t i o n s h i p  u s i ng t h e  nume r i c a l  
m e t h o d  g i v en b y  S k ag g s ( 1 9 8 0 ) , v a l u e s  o f  wh i ch w e r e  s t o r ed 
f o r  wa t e r  t ab l e  d e p t h s  c o r r e s po nd i ng t o  t e ns i o n  va l u e s  i n  
t h e  s o i l  wa t e r  c h a rac t e r i s t i c . T h e  G r e e n - Amp t pa r a me t e r  
BB , a s  i npu t t o  t h e  s o i l  p r o p e r t y  d a t a  f i l e , w a s  a s s um e d  
c o ns t a n t f o r  a l l wa t e r  t ab l e  d e p t h s  g r e a t e r  t h a n  z e r o , a n d  
t h e  pa r am e t e r  AA wa s c a l c u l a t ed ti s i ng t h e  c a l c u l a t ed s o i l  
wa t e r  c h a r ac t e r i s t i c  and me t h o d s  de s c r i be d  f o r  t h e  
S T i\ ltT 
I E A 8 6 C 1 1 6 11 • lJ A T - - - - T r a 1 1  s i o m  e L e r D 'J' \V T c1 a L n f i 1 e . G E N E HA L l � H R L Y D T \v T . lJ A T - - - U H A l N �l O D  e s t i m a t e d  lJ T \V T  d a t a  f i l e . ( �l o d e  1 f i t t e r ) K H T E S T - - - - - - - - - 1·1 �- d r a u  l 1  c p n. r a m e t e r s  ( o r 1 � t n a J  ) . 
I - K H T E S T - - - - - - - - - �l o d i f i e d b .v G E N E H A L l .  
S O I L P 2 A  .,.. [ 1\ I I T E S T - - - - - - - - - � I o d i f i P u b y  G E N E IU\ L I .  
( C a l c u l a t e s  u p w a r d  S O I LT E o T - - - - - - - C o n s t a n l . s o t J.  p r o p e r l 1 e s . 
f l u x - wa t e r  L a b l e  
d e p t h  f u n c t i o n . )  
t 
----���- U P  F L U X . D i\ T - - - - - U p'" a r d l '  J u x - w a L e r · t .  a b .L e . d e  p t h 
f u n  c t i o n  i n L a  b l a r f o nn . 
S O I L P l A _... ll\ I I TES T - - - - - - - - - � lod i f i ed b ;\· G E N E H A L L .  
( C a l c u l a t e s  d r a i n e d 
L
S O I L T E S T - - - - - - - C o n s l a n t. s o i l p r o pe r L j e s .  
v o 1 u m e - w a t e r  t a b  1 e UP F LUX . D A T - - - - - U p  \.J a r d f 1. u x - '" a  t. e r l a b l e d c p Ll a  
d e p t h  f u n c t i o n , r u n c l j o n j n  t a b u l a l' f o r m . 
t a b u l a t e s  m o d i f i e d  
s o  i 1 p r o p  e r t y d a t a . ) __.... S 0 I LS . L J  A T - - - - - - � J o d i L i  e d s o  j I. p r o  p e r · L y d a L a  
t f i l e  f o r  u s e  b y  I J H A l N NO !J . 
DNND �PO I N S E T T . D A T - - - C o n v e n t i o n a J  D IU\ 1 N �I U U  d a t a  f i J  e .  
( DRA I N�lOD p r o g r a m . )  PO I N S E T T . H O U - - - I I o u r .l y  r · a i n f a 1 . 1 .  r e c o r d . 
L 
PO I N S E T T . T E N - - - I J a  i l ,. t e m p e r a  L u 1 · e  t· <·! C O J ' d . 
S 0 I L S • lJ A T - - - - - - � 1 o d i f i e u s o  .i 1 p r o p  e i· L y d a L a  
f i l e  f o r  u s e  b y  l J H A l N �l O D . 
I I I{ LY D T h T . D A T - - - N c "' 1 > 1 � 1\ I N � I U D f � s L i m a \ . f � c.l I J T W T  
G E N ERAL l � I 
F i g u r e 1 1  . P r o g r a m  f 1 o '" c h a r  t . 
c t a t a  f' .i. l P .  
CJ I  
.,_. 
c o n v e n t i o n a l  D�A I NMOD s i m � l a t i o n . 
,. · 
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� e x t  t h e  da t a  f i l e  
U P F L UX . DAT ha s r e ad , and t h e  mo d i f i e d s o i l  p r o pe r t y  da t a  
1 
s e t  wa s w r i t t e n t o  t h e  f i l e  S O I LS . DAT . 
T h e  f o rwa rd - and backwa rd- d i f f e r e nc i ng t e c h n i q u e  u s e d 
t o  ob t a i n  g r ad i e n t s  a n d  d e r i v a t i ve s  f o r  t h e  s t e e p e s t -
de s c en t and T a y l o r s  s e r i e s  r e g r e s s i o n m e t h od s , 
r e s p ec t i v e l y , and Ma r qu a r d t ' s . c om p r o m i s e  was . de s c r i b e d  by 
R a s i ah ( 1 9 8 6 ) . B r i e f l y , 
o r i g i na l  p a r a m e t e r s H , 
E 
DRA I NMOD wa s  r u n o n c e  w i t h  t h e  
B a n d K i n  KHT E S T .  
s 
A s ma l l  
i n c r e m e n t  w a s  added t o · t h e  f i r s t  par a me t e r t o  be f i t t e d , 
p e rh ap s  B f o r  th e s ec ond l a y e r , a n d  a DRAI NMOD s i mu l a t i o n 
o f  t h e  d r a i n a g e  e v e n t  wa s  r u n , l e a v i ng t h e  r e ma i n i ng 
p a r ame t e r s  a t  t h e i r  o r i g i na l  v a l u e s . T h e n  t h e  s am e  
i nc r eme n t  was s ub t ra c t e d  f r om t h e  p a r a me t e r , and a n o t h e r  
s i mu l a t i o n r u n , ag a i n  l e a v i n g a l l  o th e r  pa rame t e r s  t h e  
s ame . I n c r e m e n t s  we r e  added a n d  s ub t ra c t e d  i n  t u rn f r om 
e a c h  p a r am e t e r  f i t t ed ( Tab l e  2 ) , and c o r r e s pond i n g  wa t e r  
t ab l e d e p t h  e s t i m a t e s  o b t a i ne d  f r om e ac h  s i mu l a t i on .  F o r  
e ac h  s e t  o f  N p a r am e t e r s  t o  b e  f i t te d , DRA I NMOD w a s  r un 
2 * N + l t i m e s  t o  o b t a i n  t h e  n e c e s s a r y  v a l u e s  f o r  g r ad i e n t  
and d e r i v a t i ve c a l cu l a t i on . T h e  s te e pe s t - d e s c e n t , T a y l o r  
1 
T h e  p r og rams S O I LP l A , · S O I L P 2 A  and DNMD we r e  
f u r t h e r  mo d i f i ed t o  r un a u t oma t i c a l l y  and s e qu e n t i a l l y  
i ns t e ad o f  i n t e rac t i ve l y , and p r i n t i n g  was s upp r es s e d  t o  
i nc r e a s e s pe ed . 
5 3  
s e r i e s  and .M a r q u a r d t  c o mp r om i s e  s o l u t i on s  we r e  ob t a i n e d , 
and DRA I NMOD r u n  o n c e  a g a i n  f o r  e a c h  s o l u t i o n s e t  t o  
d e t e rm i n e  wh i ch o f  t h e  t h r e e  s o l u t i o n s  p r oduc ed t h e  l o we s t  
s um o f  s qua r e s  v a l u e , i . e .  t o  de t e rm i n e  wh i c h  s o l u t i o n 
a g r e e d  b e s t  w i t h t h e  t r a n s i o me t e r  m e a s u r eme n t s . T h e  b e s t -
f i t t i n g  da t a  s e t  wa s t h e n  u s e d a s  t h e  
·
s ta r t i n g p o i n t  f o r  
t h e  n e x t  i t e r a t i on . I t e ra t i on s  c o u l d  b e  p e r f o rm e d  un t i l  ' 
t h e  s um o f  s q u a r e s  be c o m e s  l e s s  t h an a s pe c i f i e d va l u e s  o r  
un t i l  t h e  d e c r e a s e i n  t h e  s um o f  s qu a r e s  b e c ome s l e s s  t h an 
a s pe c i f i e d v a l u e . 
O b s e r v ed a n d  e s t i ma t ed da t a  s e t s  w e r e  e s t ab l i s h e d by 
s � t t i ng t h e  m ode l f i t t e r  t o  r e ad 2 4  wa t e r  t ab l e  
m e a s u r e m en t s  f r om t h e  f i l e o f  v a l u e s  f o r  a p a r t i c u l a r  
t ra n s i o m e t e r  a t  t wo - h ou r  i n t e r va l s  b e g i nn i n g a t  0 0 : 0 0 
h o u r s , 1 2  Aug u s t 1 9 8 6 . C o r r e s p o nd i ng DRAI NMOD e s t i ma t e s  
o f  wa t e r  t a b l e p o s i t i on we r e  r ea d  f ro m  t h e  DRAI NMOD o u t p u t  
f i l e  HRLYD TWT . DAT . Th e i n i t i a l d e p t h  t o  wa t e r  t ab l e  f o r  
· nRA I NMOD s i mu l a t i o n s  was t h e  wa t e r  t ab l e  d e p t h  i nd i c a t ed 
b y  t h e  a d j u s t e d  t r an s i om e t e r  r e ad i ng a t  t h e  s t a r t  o f  t h e  
s i mu l a t i o n . 
T ab l e  2 . I npu t p a rame t e r  s e t s  u s ed i n  one i t e r a t i o n t o  
f i t  e i gh t  p a r am e t e r s . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
N LAYER PAR ANE TER 
HE B KS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 1 5 1 0  3 . 8  
2 5 1 0  5 0  
3 5 1 0  5 0  
2 1 5 . 3 5 1 0 3 . 8  
2 5 1 0  5 0  
3 5 1 0  5 0  
3 1 4 . 6 5 1 0  3 . 8 
2 5 1 0  5 0  
3 5 1 0  5 0  
4 1 5 1 0  3 . 8  
2 5 . 6 5 1 0  5 0  
3 5 1 0  5 0  
. . . 
1 7  1 5 1 0  3 .  8 
2 5 1 0  5 0  
3 5 1 0  4 9 . 6 5 
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PARA�ETER E S T I MAT I ON BY COKVE N T I ONAL T E CH N I QUE S . \ 
H y d r au l i c  C o ndu c t i v i t y : A u g e r  H o l e  M e t h od . 
H o r i z o n t a l  h y d r a u l i c  c o n d u c t i v i t y  n e a r  t h e  s u r f a c e  
w a s  f o un d u s i n g t h e  a u g e r  h o l e  m e t h o d ( B o e r s ma , 1 9 6 5 ) . 
T h e  f o l l ow i ng ran d om s amp l i n g p l a n wa s u s ed t o o b t a i n 
r e p r e s e n t a t i v e v a l u e s  f o r  t h e  l y s i m e t e r . S i n c e  t h e  p l o t ' s  
d i m e n s i on s  a v e r a g e d  1 1 . 7  m ( 3 8 . 2 9 f t ) o n  a s i d e . t h e  p l o t  
� a s  s ubd i v i d e d  i n t o  1 0 0 s ub p l o t s  e a c h  1 . 1 6 m b y  1 . 1 6 m 
( 3 . 8  f t  b y  3 . 8  f t ) .  T e n s ubp l o t s  t o  b e  s am p l e d  w e r e  
s e l e c t e d  b y  c h o o s i n g a s e t  o f  n u mb e r s  f r o m  a t ab l e  o f  
r a n d o m  d i g i t s  ( S t e e l  a n d  T e r r i e , 1 9 8 0 ) . T h e  f i v e - d i g i t  
n um b e r s  s e l e c t e d w e r e  d i v i d e d  b y  1 0 0 0  an d  r ound e d  t o  
o b t a i n  n u mb e r s  f r om 1 t o  1 0 0 , wh i c h d e s i g n a t ed t h e  p l o ts 
t o  b e  s am p l e d . A t w o - s t e p l o c a t i o n p r o c e s s  a s  r e c omm e n d e d  
b y  P e t e r s e n  a n d  C a l v i n  ( 1 9 6 5 ) wa s n o t  u s ed t o  av o i d 
p o s s i b l e i n t e r f e r e n c e  f r om i n s t r u m e n t a t i o n a l r e a d y  i n  
p l a c e  o n  t h e  p l o t . R e p l i c a t i o n o f  c o ndu c t i v i t y t e s t s  o n  
p l o t s  u s e d  e a r l i e r f o r  i n f i l t r a t i o n t e s t i n g wa s a v o i d e d  b y  
d i s c a r d i n g  d u p l i c a t e  s e l e c t i o n s  o f  s ubp l o t s . Th e o r d e r  i n  
wh i c h t h e  h o l e s w e r e  a u g e r e d , pum p e d  a n d  t e s t e d  wa s 
r a n d o m i z e d  t o  a c c o u n t  f o r  v a r i ab i l i t y d u e  t o  t ec h n i qu e 
i mp r o v e m e n t w i t h  e x pe r i e n c e , a s  r e c o mm e n d e d  b y  S t e e l  a n d  
T e r r i e ( 1 9 8 0 ) . K h e n  a n  o b s t r uc t i o n , s u ch a s  bur i e d 
t r a n s i o rn e t e r  l e a d  w i r e , w a s  e n c o u n t e r e d  i n  a u g e r i n g , 
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a n o t h e r s ubp l o t  w a s  c h o s e n f r o m  t h e s e t  o f rand om n umb e r s 
s e l e c t e d . 
E a c h h o l e  w a s  h an d - a u g e r e d  t o  a d ep t h  s uch t h a t  i t s 
b o t t o m w a s  a pp r o x i m a t e l y 0 . 3 7  m ( 1 . 2 0 f t ) be l ow t h e  d e p t h  
o f  th e �a t e r  t ab l e  a t  t h a t  l o c a t i o n , y i e l d i n g t h e m i dd l e 
r a n g e  o f  th e n om o g r a ph o f  s h a p e  f ac t o r s  g i v e n  b y  B o e r s m a  
( 1 9 6 5 ) . 
b o t t o m  
A b l a d e  t h e  s i z e  o f  t h e  a u g e r  w a s  r o t a t e d a t  t h e  
o f  e a c h  h o l e t o r e m o v e d e br i s and f o rm a 
c y l i n d r i c a l  h o l e . T h e  �a t e r  i n  e a c h  h o l e  wa s pumpe d o u t 
a t  l e a s t t h r e e  t i m e s  t o  r e d u c e t h e  e f f ec t i o f  pu dd l i n g o n  
t h e  h o l e  �a l l s . Wa t e r  was pum p e d  f r o m  e a c h  h o l e  u s i n g  a 
b a t t e r y - p owe r e d e l ec t r i c  pum p  a n d  t h e  r a t e  o f  re f i l l i n g 
m e a s u r e d . F o u r  o f  t h e  t e n  p l o t s  c h o s e n r a nd om l y h a d  
g e o m e t r i c  c o n f i g u r a t i on s  f o r  wh i c h th e s h ape f a c t o r  c ou l d  
n o t  b e  r e a d  d i r e c t l y  f r o m  t h e  nom o g r a ph g i v e n  b y  B o e r sm a  
( 1 9 6 5 ) , e . g .  du e t o  i n s u f f i c i e n t  wa t e r  i n  t h e au g e r  h o l e , 
i n s u f f i c i e n t  _pump i ng o r  r e a d i n g s  t a k e n  t o o  l a t e  o r  t o o  
s l ow l y . Th e r e f o r e , h yd r a u l i c  c o n d uc t i v i t i e s we r e  f o und 
u s i n g t ab u l a t e d s h ap e f a c t o r s  g i v e n  b y  B o a s t  and K i r k h a m  
( 1 9 7 1 ) ,  wh o s e  e qu a t i o n f o r  h yd r a u l i c  c o nduc t i v i t y i s  
· wh e r e  
a n d  
K = C * ( dY / d t ) ( 1 3 )  
K = h yd r au l i c c o n d u c t i v i t y ( rn / da y ) , 
C = s h ap e f a c t o r  
dY / d t  = r a t e  o f  w a t e r r i s e i n  t h e  h o l e  { c m / s ) .  
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S i n c e  th e r e a r e 8 6 4 0 0  s e c o n d s  i n  o n e . d a y  and 1 0 0 em 
i n  1 m e t e r , E qu a t i o n ( 1 3 )  c a n  be r e w r i t t e n  a s  
K = ( C / 8 6 4 ) * ( dY / d t ) ( 1 4 ) 
wh e r e  K n o w h a s  un i t s o f  c m / s . T h e s h a p e  f a c t o r  C i s  a 
f u n c t i o n o f  t h e r a t i o s d / r , g / d a n d  s / d , w h e r e  d i s  t h e  
i n i t i a l d e p t h  o f  w a t e r  i n  t h e  h o l e , r i s  t h e  . h o l e  r a d i u s , 
g i s  t h e  d i f f e r e n c e  b e t w e e n  d a n d  t h e d e p th o f  wa t e r  i n  
t h e h o l e a s  i t r e f i l l s  a n d  s i s  t h e  d i s t a n c e  b e t w e e n  t h e  
b o t t o m o f  t h e  h o l e  a n d  t h e  r e s t r i c t i n g l a ye r ( i f p r e s e n t ) 
b e l o H ( F i g . 1 2 ) • T h e  d e p t h  t o  t h e i mp e r m e a b l e  l a y e r  wa s 
t a k e n  f r om T r o o i e n e t  a l . ( 1 9 8 5 ) . A s  s u g g e s t e d  by B o a s t  
a n d  K i r k h am ( 1 9 7 1 ) ,  l o g a r i t h m s  o f  C ,  d / r  and g / d ( an d  a l s o  
s / d ) "h' e r e  u s e d  t o  i mp r o v e  t h e  a c c u r a c y  o f  t h e 
i n t e r p o l a t i o n .  Th e a v e ra g e  o f  t h e  b e g i nn i n g  a n d  e n d i n g  
v a l u e s  o f  g / d  w a s  u s e d i n  e a c h  c a l c u l a t i o n . T h e v a l u e s . o f  
D a n d  E a r e t h e  h o l e d e pt h  a n d t h e d e p t h f r om t h e  s o i l  
s u r f a c e  t o  t h e  l e v e l  o f  t h e  w a t e r  i n  t h e  h o l e  be f o r e 
p u m p i n g , r e s p e c t i v e l y . T h u s  D a n d  E g i v e  t h e  r a n g e  o f  
s o i l d e p t h  t o  wh i c h t h e  h yd r a u l i c  c o ndu c t i v i t y v a l u e s  
( T a b l e  3 )  app l y . 
T h e  v a l u e s  i n  T a b l e  3 a r e s ub j e c t  t o  a t  l e a s t t � o  
s o u r c e s  o f  e x p e r i m e n t a l  e r r o r . B o e r s m a  ( 1 9 6 5 ) s p e c i f i e d 
t h a t  t h e  t e s t  s h o u l d  b e  r e p e a t e d  a f t e r t h e  w a t e r  t a b l e i n  
t h e  h o l e  h a s  r e s u m e d  i t s o r i g i n a l  p o s i t i o n .  I f  t h e  s e c o n d  
-1 r G ro u n d  s u r fa c e 
E \] 
I I T \] 
W a t e r  ta b l e t � 
g 
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s e t  o f  wa t e r  t ab l e ra t e - o f - i i s e  v a l u e s  ob t a i n ed a r e  n o t  
c on s i s t e n t  � i t h  th o s e  o f  t h e  f i r s t  s e t , a t h i rd pump - o u t  
i s  r e qu i r ed , a n d  t h e  p r o c e s s  i s  t o  b e  r e p e a t ed u n t i l  
c o n s i s t e n t  v a l u e s  a r e  o b t a i n e d . B e f o r e  t h e s ec on d  pump-
o u t  was p e r f o rm e d , t h e  pump m o t o r  i n  t h e wa t e r  s u pp l y  w e l l  
f a i l ed . Th e r e f o r e , t h e  d a t a  i n  T ab l e  3 ·r e p r e s e n t  d a t a  
f r om t h e  f i r s t  and o n l y  m e a s u r e d  r e f i l l i n g  o f  t h e  h o l e s  
a f t e r  pump i n g . Th e r e f i l l i ng r a t e  o f  t h e  a u g e r  h o l e s  m a y  
i nc r e a s e  w i t h  th e numb e r  o f  t i m e s t h e  h o l e  i s  pum p e d  o u t , 
a s  p l u g g ed p o r e s  a r e  o pe n e d  o n  t h e  h o l e  wa l l  f r om �a t e r  
i n f l o,� . R e pe a t ed t e s t s  � a u l d  t h e r e f o r e be e x p e c t e d t o  
g i v e  h i g h e r  h yd r a u l i c  c o ndu c t i v i t i e s . 
T a b l e  3 .  S a t u r a t e d  l a t e r a l h y d r a u l i c c o ndu c t i v i t y v a l u es 
f r o m  a u g e r  h o l e  t e s t s  ( a f t e r  B o a s t  a n d  K i r k h a m , 1 9 7 1 ) .  
S ub p l o t  K D E 
c m / h r  e m  e m  
- - - - - - - - - - - - - -
7 2  3 . 1  8 1 . 8  4 6 . 7  
5 1  2 . 3  7 5 . 4  3 8 . 2  
9 0  1 . 7 8 8 . 1  6 3 . 7  
6 6  1 .  9 7 9 . 0  3 7 . 3  
4 4  2 . 8  6 1 . 9  2 7 . 4  
8 1 3 . 2  7 7 . 5  · 6 3 . 2  
4 0 3 .  3 7 5 . 4  4 4 . 3  
6 1 . 8  5 i . 9  3 0 . 2  
8 7  3 .  1 8 6 . 1  5 4 . 4  
2 5  2 . 0  6 8 . 1  2 2 . 7  
A v e r a g e  = 2 . 5  e m / h r . S t a n d a r d  d e v i a t i o n = 0 . 6 4 .  
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A s e c o n d  s o u r c e  o f  e r r o r  w o u l d  o c c u r  i f  t h e  h o l e  
d i am e t e r  w a s  l a r g e r  t h a t  t h e b u c k e t  a u g e r  u s e d  t o  bo r e  t h e  
h o l e  due t o  s o i l  adh e s i on o n  t h e  au g e r  s u r f a c e . Th i s  
� o u l d  a l s o  r e s u l t  i n  a n u n d e r e s t i ma t i o n o f  h yd r a u l i c  
c o ndu c t i v i t y , s i nc e B o a s t  a n d  K i r k h am ' s  ( 1 9 7 1 ) s ha p e  
f a c t o r s d e c r e a s e  w i t h  i n c r e a s ed h o l e  r ad i u s ,  o t h e r  
f a c t o r s  be i n g  e qu a l  ( E qu a t i o n ( 1 4 ) ) ,  t h e  r e s u l t i n g  
c o ndu c t i v i t i e s  w ou l d  d e c r e a s e . 
S o i l  W a t e r  C h a r a c t e r i s t i c : P r e s s u r e  P l a t e  M e t h od . 
T h e  s o i l  �a t e r  c h a r ac t e r i s t i c  i s  t h e  f u nc t i on a l  
r e l a t i o n s h i p  b e t w e e n  t h e  v o l um e t r i c  s o i l  m o i s t u re c o n t e n t  
a n d  t h e  e n e r g y  l e v e l  o f  t h e  s o i l  �a t e r . DRA I �MOD r e qu i r e s  
o n l y  t h e  s o i l  �a t e r  c h a r a c t e� i s t i c  o f  t h e  t i g h t e s t  l a y e r  
i n  t h e  p r o f i l e  a s  a s o i l  p r o p e r t y  i np u t , a l t h o u g h  
num e r i c a l  e s t i ma t i o n o f  th e d r a i n e d  v o l um e - a n d  u pw a r d  
f l ux - �a t e r  t a b l e d e p t h  r e l a t i o n s h i p s  r e qu i r e  s o i l �a t e r  
c h a ra c t e r i s t i c s  f o r  e ac h  l a y e r  i n  th e p r o f i l e  ( S k ag g� , 
1 9 8 0 ) . 
I n  o rd e r  t o  ob t a i n  t h e  n e c e s s a r y  s o i l  p r o p e r t y  da t a  
f o r  t h e s o i l  wa t e r  c h a r a c t e r i s t i c , t h e  d r a i n �d v o l um e -
w a t e r  t ab l e 
r e l a t i o n s h i p , 
u s ed . F i v e 
d e p t h  r e l a t i o n s h i p  a n d  t h e  upwa rd 
t h e  f o l l o w i n g e x p e r i m e n t a l  p r o c e d u r e  
s u b p l o t s  f o r  s am p l i n g  � e r e  s e l e c t e d  i n  
f l ux 
w a s  
t h e  
s a me m a n n e r a s  f o r  t h e  a u g e r  h o l e  h yd r a u l i c  c o n du c t i v i t y 
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d e t e rm i na t i o n s . Th e . r a n d o m  n um b e r s  w e r e  c h o s e n s o  th a t  
s ub p l o t s  t e s t e d  we r e  n o t  d u p l i c a t e d . A
.
G i dd i n g s  p r o b e  
� i t h a 4 . 4 5 e m  ( 1 . 7 5 i n . )  c o r e  s amp l e r  w a s  u s e d t o  t a k e 
c o r e  s am p l e s  t o  a d e p t h  o f  2 . 1 3 m ( 7  f t . ) .  S a mp l e s  � e r e 
d i v i d e d  i n t o  3 0 . 5  em ( 1  f t . ) i nc r e m e n t s  and s e a l e d i n  
p l a s t i c  ba g s  i n  t h e  f i e l d . Tw o p r o b i ng s  w e r e  t a k e n  o n  
e ac h  s ubp l o t  t o  o b t a i n  unb r o k e n  c o r e s  w i t h i n  e a c h  3 0 . 5 - c m  
( 1 - f t . ) i n c r em e n t  f o r  b o t h  c o n s t a n t - h e a d  l ab o r a t o r y 
h yd r a u l i c  c o ndu c t i v i t y de t e rm i n a t i o n s  and s o i l  wa t e r  
c h a r a c t e r i s t i c  de t e r m i n a t i o n s . T h e o rde r i n  wh i ch t h e  
s am p l e s  we r e  t a k e n  w a s  r a n d o m i z e d , 
h yd r au l i c  c o ndu c t i v i t y  t e s t s . 
a s  i n  t h e  au g e r  h o l e  
I n  t h e  l ab o r a t o r y , s a mp l e s  w e r e  t r i mm e d  o n  o n e  e n d  
a nd p l a c e d  o n  a s m a l l f l a t  b o a rd . A b r a s s  r i ng w i t h 5 . 7 2 
e m  ( 2 . 2 5 i n . )  d i am e t e r  a n d  3 e m  ( 1 . 1 8 i n . ) h e i g h t  w a s 
p l a c ed c o nc e n t r i c a l l y  a r o u n d  t h e s am p l e a n d  mo l t e n  
p a r a f f i n  w a x _ wa s p o u r e d  a r o u n d  t h e  s o i l c o r e  t o  f i l l  t h e  
g a p  b e t we e n  t h e  r i n g  a n d  t h e  s o i l  s amp l e . Th e u s e  o f  
p a r a f f i n  t o  s e a l  t h e  g a p  b e tw e e n  a s o i l  s amp l e  a n d  i t s 
c o n t a i n e r  w a s d e s c r i b e d  b y  S m i t h , e t  a l . ( 1 9 4 4 ) and Ah u j a , 
e t  a l . ( 1 9 8 5 ) f o r  h yd r au l i c  c o nd u c t i v i t y a n d  s o i l  wa t e r  
c h a r a c t e r i s t i c  de t e rm i n a t i o n s , r e s pe c t i v e l y . W h e n  t h e  
wax w a s d r y , t h e  s am p l e s  w e r e  p l a c e d  i n  p l a s t i c  l i d s  i n t o  
wh i c h t a p  wa t e r  wa s p o u r e d  t o  a l l ow t h e  s amp l e s  t o  s o a k  by 
c a p i l l a r i t y . 
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P ap e r  w a s  p l a c e d  a s  a l i n e r  i n  t h e  b ra s s  r i n g s b e f o r e  
p o u r i n g t h e  w a x  a r o u n d  t h e · s amp l e s  t o  b e  u s e d f o r  t h e  s o i l 
wa t e r  c h a r a c t e r i s t i c  d e t e rm i na t i o n s , t o  a l l ow t h e  s a m p l e s  
t o  s l i d e o u t  o f  t h e  r i n g f o r  f u r t h e r  t r i mm i ng f r om 
h e i g h t  t o  1 e m  h e i g h t . S amp l e s  1 e m  h i g h , r a t h e r  
s a mp l e s  3 e m  h i g h , w e r e  u s e d i n  t h e  p r e s s u r e  
3 e m  
t h an 
p l a t e 
a ppa ra t u s  t o  r e d u c e t h e  t i m e  r e qu i r e d  t o  a c h i e v e  h y d r au l i c  
e qu i l i b r i um a t  e ac h  p r e s s u r e  s t e p . R i c h a r d s  ( 1 9 6 5 ) 
c a u t i o n e d  t h a t  t h e t i me r e qu i r e d  t o  r e a c h  h yd r a u l i c  
e q u i l i b r i u m i n  p r e s s u r e  p l a t e  d e t e rm i n a t i on s  i n c r e a s e s  
a p p r o x i m a t e l y  a s  t h e  s qu a r e  o f  t h e  s am p l e ' s  h e i g h t . 
S o i l w a t e r  c h a r a c t e r i s t i c  c o r e  s a mp l e s  w e r e  t r i mm e d  
t o  1 em t h i c k n e s s ( l e a v i n g t h e  m i d d l e c e n t i m e t e r  o f  t h e 
s a mp l e ) ,  p l a c e d o n  a 7 - c m  d i a m e t e r  f i l t e r  p a p e r and 
p r e w e t t e d o v e r n i g h t  b y  p l a c i n g t h em i n  t h e  �a t e r - f i l l e d  
l i d s  de s c r i b ed a b o v e . S a t u r a t e d w e i g h t s  w e r e  t h e n  
d e t e rm i n e d f 9 r  t h e  f i r s t  h a l f  o f  t h e  s amp l e s , a n d  t h o s e  
s am p l e ,  f i l t e r  p ap e r  a n d  w a x  r i n g u n i t s w e r e  t r an s f e r r e d  
t o  p r e s s u r e  p l a t e  e x t r a c t o r s  o v e r  w h i c h a f i l m o f  wa t e r  
wa s f i r s t  p o u r e d  t o  i n s u r e  g o o d  c o n t a c t b e t w e e n  t h e  f i l t e r  
pa p e r a n d  t h e  c e r a m i c  p l a t e . S a t u r a t e d  s a mp l e  w e i g h t s  
w e r e  d e t e r m i n ed , 
1 0 0 , 1 5 0 , 3 0 0 , 
a n d  s u c c e s s i v e  p r e s s u r e  s t e p s  o f  2 0 , 5 0 , 
5 0 0  a n d  1 0 0 0  e m  w a t e r  w e r e a pp l i e d f o r a 
m i n i m um o f  t w o da y s  a t  e a c h  s t e p . - T w o  s am p l e s  w e r e  p l a c e d 
i n  e a c h  c h a m b e r , a n d  t h e  s a m p l e s  w e r e  r e m o v e d  a n d  � e i g h e d 
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t o  t h e  n e a r e s t  0 . 0 1 g a f t e r  e a ch p r e s s u r e  a p p l i c a t i o n . 
B e f o r e  r e p l a c i n g t h e s am p l e s  f o r  t h e n e x t  s t e p , a f i l m o f  
wa t e r  w a s  a g a i n  p o u r e d  o n  t h e  p r e s s u r e  p l a t e s . A f t e r  t h e  
1 0 0 0  e m  � a t e r  s t e p , t h e  f i r s t  h a l f o f  t h e  s a mp l e s  �a s 
t r a n s f e r r e d  t o  a . 1 5 0 0 - k P a  c e r a m i c  p r e s s ur e  p l a t e , o n t o  
�h i c h wa t e r  w a s  p o u r e d  t o  a l l ow t h e s amp l e s  t o  s o a k  f o r  
a b o u t  4 5  m i n u t e s t o  o n e  h o u r  a n d  th e n  d r a i n e d . T w o  p l a t e s  
w e r e t h e n  s t a c k e d  i n  a 1 5 0 0 - k P a  c h a mb e r , r ew- e t t e d , a n d  
p r e s s u r e  s t e p s  o f  3 0 0 , 6 0 0  a n d  1 5 0 0  k P a  w e r e  a pp l i e d f o r  a 
m i n i m u m  o f  t w o  da y s  a t  e a c h s t e p . U p o n  c om p l e t i o n o f  t h e  
1 0 0 0  e m  s t e p  f o r  t h e  f i r s t  g r o u p  o f  s am p l e s , t h e  s e c o n d  
g r o u p  � a s  s t a r t e d  a t  0 em , 2 0  e m , e t c . A f t e r  we i g h i ng , 
t h e  p l a t e s  w e r e  r e� e t t e d a g a i n . R e p e a t e d  r u n s w e r e  m a d e  
( A p p e n d i x  A )  a t  t h e s e  o r  o t h e r  p r e s s u r e  s t e p s  t o  d e s c r i be 
t h e s o i l w a t e r  c h a r a c t e r i s t i c  u s i n g C a mpb e l l ' s  ( i 9 7 4 ) 
e x p o n e n t i a l  e qu a t i on ( 1 ) .  T h e s amp l e s  w e r e  t a k en o u t  o f  
t h e  w a x  r i n g s  a n d  o v e n  dr i e d a t  1 0 3 - 1 0 5  d e g r e e s  C e l c i u s 
f o r  a m i n i mum o f  2 4  h o u r s  t o  o b t a i n  t h e  d r y  s o i l  w e i g h t s . 
Th e l a b o r a t o r y d a t a  f r o m t h e  p r e s s u r e  p l a t e  
d e t e r m i n a t i o n s  w a s  p r e s s u r e , H ,  
c o n t e n t , G .  
c o n t e n t  i s  
C ampb e l l 1 s  
A t  z e r o p r e s s u r e , 
t h e  s a t u r a t i o n 
( 1 9 7 4 ) e qu a t i o n 
a n d  g r av i m e t r i c  m o i s t u r e  
t h e  g r a v i m e t r i c  m o i s t u r e  
m o i s t u r e  
f o r  t h e  
c o n t e n t , 
s o i l  
g . 
s .  
wa t e r  
c h a r a c t e r i s t i c  c an b e  l i n e a r i z e d b y  t a k i n g l o g a r i t h m s  o f  
b o t h s i d e s : 
l n ( H ) · = l n ( H  ) 
E 
B * l n ( 9 / 9  ) 
s 
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( 1 5 } 
T h e  i n t e r c ep t  o f  t h i s  l i n e  i s  l n ( H  ) a n d  i t s  s l op e  i s  
E 
( - B ) . L o g a r i t h m s  o f  p r e s s u r e s a n d  t h e  r a t i o  ( 9 / 9  _ ) � e r e  
s 
s t a t i s t i c a l l y  a n a l y z e d  u s i n g  l i n e a r  r e g r e s s i o n t o  f i n d t h e  
l i n e ' s  i n t e r c e p t  a n d  s l o pe , a n d  t h u s  H a n d  B f o r  e ac h  
E 
l a y e r w e r e  f o u n d  ( T ab l e  4 ) • T h e v o l um e t r i c  m o i s t u r e  
c o n t e n t  o f  e a c h  s amp l e  a t  s a t u r a t i o n w a s  tak e n  f r om 
n e u t r o n  p r o be r e a d i n g s a t  t h e  l y s i m e t e r .  F o r  p r e s s u r e s 
l e s s  t h a n  t h e  a i r  e n t r y  p o t e n t i a l , t h e  v o l u m e t r i c  m o i s t u r e  
c o n t e n t  w a s  t r u n c a t e d t o  t h e  s a t u r a t i o n v a l u e  f o r i n p u t t o  
DR A I NHOD . 
T a bl e 4 .  S o i l  w a t e r  c h a r a c t e r i s t i c  p a r am e t e r s  f o r  t h e  
P o i n s e t t  s i l t l o a m  f r o m p r e s s u r e  p l a t e  d e t e rm i n a t i o n s . 
L a y e r D e p t h  H B g 
E s 3 
( e m )  ( em )  ( em / e m ) 
- - - - - - - - - - - - - - - - - - - - - - - - - -
1 0 - 6 1  0 . 3 5 3 3  1 2 . 1 8 4 6  0 . 4 1 
2 6 1  - 1 2 2  0 . 0 7 1 3 8 1 0 . 7 1 4 6 0 . 4 4 
3 1 2 2 - 2 1 4  0 . 0 7 5 2 1  6 . 9 3 9 0  0 . 5 0 
H yd r a u l i c c o ndu c t i v i t y : C o n s t a n t  H e a d · M e t h o d . 
H y d r a u l i c  c o n du c t i v i t y c o r e  s amp l e s  o b t a i n e d  w i t h  t h e 
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s o i l �a t e r  c h � r a c t e r i s t i c  s a mp l e s  we r e  l e f t  i n t a c t a t  t h e  
f u l l  h e i g h t  o f  3 e rn . T h e  s amp l e s we r e  h e l d  i n  T e mpe c e l l s  
a n d  a c o n s t a n t - h e a d  a p pa r a t u s  ( K l u t e , 1 9 6 5 ) wa s u s e d t o  
d e t e rm i n e h yd r a u l i c  c o ndu c t i v i t i e s . T h e  a v e r a g e  h yd r a u l i c  
c o n d u c t i v i t y w a s  3 . . 8 c m / h r  w i t h  s t a nda rd de v i a t i o n 3 . 5 .  
K o  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e � c e s we r e  f o u n d  
b e t h e e n  l a ye r s  i n  t h e  p r o f i l e . 
D E R I VE D  A N D  C ON S T AN T  S O I L  P R O P E R T I E S . 
D r a i n ed Vo l um e - W a t e r  T ab l e  D e p t h R e l a t i o n s h i p . 
T h e  d r a i n e d  v o l um e - wa t e r  t ab l e  d e p t h  r e l a t i o n s h i p 
d e f i n e s  t h e  r i s e o r  f a l l  o f  t h e  wa t e r  t ab l e  i n  r e s p o n s e t o 
t h e  add i t i o n o r  r em o va l o f  a g i v e n  amoun t o f  wa t e r . 
T h e  d r a i n ed v o l um e - wa t e r  t ab le d e p t h  r e l a t i o n s h i p  wa s 
e s t i ma t e d  u s i ng t h e  n u m e r i c a l  m e t h o d g i v e n  b y  S k a g g s  
( 1 9 8 0 ) . T h e  s o i l  wa t e r  c h a ra c t e r i s t i c f o r  e ac h  l a y e r  i s  
t h e  r e qu i r e d  s o i l p r o pe r t y  i np u t . T h e  nume r i c a l  me t h od 
u s ed t o  c a l c u l a t e  t h e  r e l a t i on s h i p  a s s um e s  t h a t  t h e  wa t e r  
t ab l e  i s  s t a t i o n a r y  and t h e  p r o f i l e d r a i n e d  t o  
e qu i l i b r i um . T h e  ' dr a i n e d  t o  e q u i l i br i um ' a s s ump t i o n 
m e a n s  t h a t t h e  v o l um e t r i c  m o i s t u r e  c on t e n t  o f  t h e  s u r f a c e  
1 em , i . e .  o f  t h e  l aye r f r o m  0 t o  1 em d e p th o f  a un i f o rm 
s o i l  h i t h  wa t e r  t a b l e  d e p t h  Z i s _ t h e  v o l ume t r i c  m o i s t u r e  
c o n t e n t  f o r  t h a t  s o i l  c o r r e s po nd i ng t o  a t e n s i on Z f r o m 
t h e  s o i l  wa t e r  c h a r a c t e r i s t i c c u r v e . T h e  n e x t  i nc r e me n t , 
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A I NC ( e . g .  1 e m ) , be l o w t h e  s u r f a c e i s  a s s umed t o  h a v e  a 
m o i s t u r e  c o n t e n t  e qu a l  t o  t h e  v o l ume t r i c  mo i s t u r e  c o n t e n t  
c o r r e s p o nd i n g  t o  a t e n s i o n ( Z - AI N C ) f r om t h e  s o i l  wa t e r  
c h a r a c t e r i s t i c  c u r v e . T h e  m o i s t u r e  c o n t e n t  a t  e a c h  
i nc r e me n t  o f  t e n s i o n i s  c om p u t e d  f o r  a l l  t en s i o n 
i nc r e me n t s  down t o  t h e  wa t e r  t ab l e  d e p th z .  T h e  v o l ume o f  
wa t e r  d r a i n e d  f r om t h e  p r o f i l e - i s t h e  s um f r om t h e  s u r f a c e  
t o  t h e  d e p t h  o f  t h e  wat e r  t ab l e  o f  t h e  d i f f e r e n c e s  b e t�e e n  
t h e  s a t u ra t i o n mo i s t u r e c o n t e n t  o f  t h e  u n i f o rm l a ye r  a nd 
e a c h  i n c r e me n t ' s  v o l um e t r i c  m o i s t u r e  c u n t e n t  a s  c o mpu t e d  
a bo v e . 
F o r  a s o i l � i t h  t w o  l a ye r s , 
t ab l e  i s  b e l o w t h e  f i r s t  l a ye r , 
i . e .  wh e r e t h e  wa t e r  
t h e  d r a i n ed v o l ume i s  
e q u a l  t o  t h e  s um o f  t h e  d r a i n e d  v o l ume s f o r  e a c h  l a ye r . 
T h e  d r a i n ed v o l um e  f o r  t h e  t o p  l a ye r i s  c o mpu t e d  b y 
a s s um i ng t h e  t o p  l ay e r e x t e nd s  t o  t h e  wa t e r  tab l e , 
e qu a l  t o  t h e  d i f f e r e n c e  b e t we e n t h e  d r a i n e d  
and i s  
v o l um e  
c a l c u l a t ed f r om t h e  s u r f a c e  t o  t h e  wa t e r  t ab l e  a nd t h e  
d r a i n e d  v o l um e  c a l c u l a t ed f r om t h e  bo t t om o f  t h e  t o p  l a y e r 
t o  t h e  wa t e r  t ab l e . E a c h  d r a i ned v o l ume i s  c ompu t ed by 
the m e th o d  u s e d  f o r  a s i ng l e  l a y e r . The dra i n e d  v o l ume 
f o r  t h e  s e c o nd l a ye r i s  c omput e d  by the m e t h o d  u s e d  f o r  a 
un i f o r m p r o f i l e  o r  s i ng l e  l a ye r , wh e r e the s u r f a c e  n o w  
b e c o m e s  t h e  t o p  o f  t h e  s e c ond l a y e r . 
T h e  d r a i ned v o l um e - wa t e r  t ab l e  d e p th r e l a t i on s h i p  f o r  
,· 
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a s o i l w i t h  . t h r e e  o r  m o r e  l a y e r s  i s  c ompu t e d  i n  a n  
a n a l o g o u s  f a s h i o n  t o  t h a t  u s ed f o r  t h e  t w o - l a y e r e d  s o i l . 
T h e  m e t h od r e q u i r e s  t h e  s o i l w a t e r  c h a r a c t e r i s t i c  f o r  e ac h  
l a y e r i n  t h e p r o f i l e , a n d  a c ompu t e r  p r o g r am t o  c a l c u l a t e  
t h e  r e l a t i o n s h i p  f o r  u p  t o  f i ve l a ye r s  w a s  g i v e n  b y  S k a g g s  
( 1 9 8 0 } . 
U p w a r d  F l u x - W a t e r  T a b l e  D e p t h  R e l a t i o n s h i p . 
T h e  u pwa rd f l ux - wa t e r t ab l e  d e p t h  r e l a t i o n s h i p  wa s 
e s t i ma t e d  u s i ng t h e  n u m e r i c a l  m e t h o d s  g i v e n  b y  S k a g g s  
( 1 9 8 0 ) . T h e  s o i l  wa t e r c h a r a c t e r i s t i c a n d  s a t u r a t e d 
h y d r a u l i c  c o nd u c t i v i t y ( l ab o r a t o r y  me t h od ) f o r  e a c h  l a ye r  
w e r e  u s e d t o  c a l c u l a t e  t h e uns a t u r a t e d h yd r a u l i c 
c o ndu c t i v i t y f un c t i o n f o r  e a c h  l a y e r , wh i ch w a s  t h e n u s e d 
a s  i npu t t o  a n o t h e r  n u me r i c a l  m e t h o d  g i v e n  b y  S k a g g s  
( 1 9 8 0 ) t o  f i n d  t h e  u pward f l ux - wa t e r  t ab l e  d e p t h  
r e 1 a t  i o n  s h i p .-
I n f i l t ra t i on . 
DRAI Nr-JOD r e qu i r e s  t h e  G r e e n -Am p t  i n f i l t ra t i o n 
pa r ame t e r s  A and B ( G r e e n  and Amp t , 1 9 1 1 ) a s  a f un c t i o n o f  
wa t e r  t ab l e  dep t h . Two f i e l d  m e t h o d s  a r e  g i ve n  i n  t h e  
DRA I NMOD Re f e r e n c e  R e po r t ( S k a g g s , 1 9 8 0 ) t o  ob t a i n  t h i s  
r e l a t i o n s h i p : 1 ) r e p e a t i ng i n f i l t r a t i o n t e s t s  w i t h  
d i f f e r e n t  w a t e r  t ab l e de p t h s  a n d  2 )  pe r f o rm i ng t h e  
' 
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i n f i l t ra t i o n t e s t  o n c e  a nd u s i n g o t h e r  s o i l  p r o pe r t i e s a t  
t h e  t i m e  o f  i n f i l t r a t i o n e v a l ua t i o n t o  de t e rm i n e  t h e 
p a r a m e t e r s  A a nd B a s  a f un c t i o n o f  wa t e r  t ab l e p o s i t i o n . 
T h e  s e c o nd p r o c edu r e  wa s c h o s e n t o  s a v e  t i m e . 
T h e  i n f i l t r a t i o n p a r a m e t e r s  A and B ( h e r e i na f t e r 
d e n o t e d  AA a nd B B , r e s pe c t i v e l y ) r e pr e s � n t  t h e  s l o p e  and 
i n t e rc e p t , r e s p e c t i v e l y , o f  t h e  l i n e 
wh e r e  
f = B B  + AA * G ( 16 ) 
f = i n f i l t r a t i on r a t e , c m / h r ;  
B B  = s a t u r a t ed v e r t i c a l  h yd r a u l i c  c o ndu c t i v i t y  
K , c m / h r ; 
S v  
A A  = K * M * S 
S v  av 
in l-ih i c h 
K = BB a s  a b o v e , 
S v  
( 1 7 )  
M = s o i l  mo i s t u r e  de f i c i t ,  t h e  d i f f e re n c e  
and S 
av 
b e t w e e n . the s o i l  s ur f a c e ' s  max i mum 
vo l um e t r i c  m o i s t u r e  c o n t e n t  and i t s 
v o l ume t r i c mo i s t u r e  c o n t e n t a t  
t h e  t i m e  o f  pe r f o rm i ng t h e  
i n f i l t ra t i on t e s t , 
= e f f e c t i ve s uc t i on a t  t h e  w e t t i n g 
f r o n t ; 
� -
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and 
G = 1 I F 
i n  wh i c h 
F = c um u l a t i v e i n f i l t r a t i o n , em . 
T h e  DRA I N MOD R e f e r e n c e  R e p o r t  l i s t s  f i e l d 
d e t e rm i n a t i o n o f  t h e  i n f i l t r a t i o n p a r am e t e r s  a s  t h e  mo s t  
d e s i r a b l e  m e th o d o f  f i n d i n g  t h e  G r e e n - Ampt i n f i l t r a t i o n 
p a r am e t e r s  AA a n d  BB . S p r i n k l e r  i n f i l t r a t i o n  a n d  
f l o o d i n g i n f i l t r a t i o n m e t h o d s  a r e  t h e  f i e l d  me t h o d s  t h a t  
a r e  c o mmon l y  u s e d . S p r i nk l e r i n f i l t r a t i o n s i m u l a t e s  
r a i n f a l l 
H o w e v e r , 
o p e r a t e . 
a n d  i s  t h e r e f o r e p r e f e rab l e  t o  f l o od i n g . 
f l o od i ng d e v i c e s  a r e  s i mp l e r  t o  i n s t a l l a n d  
F o r  t h i s  r e a s o n , t h e  d o u b l e - r i n g f l o od i n g  m e t h o d 
o f  i n f i l t r a t i on t e s t i n g wa s u s e d . 
S ubp l o t s  f o r  i n f i l t r a t i o n s a m p l i n g we r e  s e l e c t e d 
u s i n g  t h e  s �me r andom s am p l i ng p l a n a s  d e s c r i b e d  i n  t h e  
a u g e r  h o l e  c o n d uc t i v i t y  t e s t s . I n f i l t r a t i o n t e s t s  w e r e  
r u n  w i t h i n  t h e  s q u a r e  s ub p l o t  s e l e c t e d . T h e  f l o od i ng 
i n f i l t r a t i o n m e t h o d i s  d e s c r i be d  b y  B e r t r a n d  ( 1 9 6 5 ) . 
T h e  o rd e r  i n  wh i ch t h e  s ub p l o t s  �e r e  t e s t e d wa s r andom i z ed 
t o  a c c o un t  f o r  va r i ab i l i t y d u e  t o  t e c h n i qu e  i mp r oveme n t  
w i t h e x pe r i e nc e , a s  i n  t h e  a ug e r  h o l e  t e s t i n g . T h e  
c umu l a t i v e i n f i l t r a t i o n ve r s u s  t � m e  d a t a  we r e  r e ad f r o m  
s t a g e  r e c o r de r c h a r t s  and p l o t t ed . T h e  v a l u e s  o f  f w e r e  
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\ d e t e r m i n e d b y  p l o t t i ri g c um u l a t i v e i n f i l t r a t i o n v e r s u s  t i m e  
a n d d e t e rmi n i n g  t h e s l o p e a t  d i f f e r e n t  p o i n t s . S l o p e s 
� e r e  d e t e r m i n e d  f r o m  a s m o o t h  c u r v e  f i t  t h r o u g h  t h e  da t a , 
t h u s  g i v i n g i n f i l t r a t i o n r a t e  v e r s u s  t i m e . T h e  b e s t -
f i t t i n g l i n e  f o r a . p l o t  o f  i n f i l t r a t i o n r a t e  v e r s u s t h e 
r e c i p r o c a l o f  t h e  c o r r e s p o n d i n g  c umul a t i v e i n f i l t ra t i o n 
v a l u e s  wa s f o u n d  u s i n g l i n e a r  r e g r e s s i o n . T h e  s l o p e  o f 
t h e  r e s u l t i n g l i n e i s  t h e  G r e e n - Am p t  pa r ame t e r AA ; t h e 
i n t e r c e p t o f  t h e  l i n e  i s  t h e  p a r a me t e r  B B . 
F i v e  s ub p l o t s  we r e  c h o s e n f o r  t h e  f i r s t  s e t  o f 
i n f i l t r a t i o n t e s t s , a nd o n e  t e s t f a i l e d . T h e r e f o r e a 
s e c o n d  s e t  � a s  m a d e  w i t h  f i v e  d i f f e r e n t  s ub p l o t s  c h o s e n  
r a n d o m l y w i t h t h e  s a me s am p l i n g p r o c ed u r e  as u s ed i n  t h e  
f i r s t  s e t ( T ab l e  5 ) . 
T ab l e  5 .  D o ub l e - r i ng i n f i l t r a t i o n t e s t r e s u l t s  f o r  t h e  
P o i n s e t t  s i l t l o am . 
- - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
T e s t S e t  
N umb e r  
1 
2 
W e i g h t ed 
a v e r a g e 
# o f  
S ub ­




Ave r a g e  I n f i l t r a t i o n 
P a ra m e t e r  
AA B B  
2 
e m  / h r c m / h r  
3 . 9  1 . 9 
4 . 8  0 . 7  
4 . 4 1 .  2 
S t anda rd 
D e v i a t i o n 
AA B B  
4 . 2  3 . 6  
3 . 3  1 . 9  
3 . 5  2 . 7  
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S u r f a c e  mo i s t u r e  s amp l e s  w e r e  t a k e n  o n  t h e  s ame d a y  
a s  t h e  i n f i l t r a t i o n t e s t s  w e re r un t o  d e t e rm i n e  t h e  
i n i t i a l  c o nd i t i o n s  o f  t h e  i n f i l t r a t i o n t e s t s  ( T ab l e  6 ) . 
T h e  r a n dom s amp l i n g p r o c e d u r e  u s e d  � a s  i d e n t i c a l  t o  t h a t  
u s ed t o  s e l e c t  l o c a t i o n s  f o r  i n f i l t r a t i o n t e s t s , e x c e p t  
t h a t t h e  f i e l d  s i t e w a s  d i v i de d  i n t o  s ma l i e r  s q uar e s , i . e .  
3 6 1 s ub p l o t s , e a c h  0 . 6 1 m ( 2 . 0  f t ) s qu a r e  i n s t e ad o f  1 0 0 
s ub p l o t s , e ac h  1 . 1 6 m ( 3 . 8 f t ) s qu a r e , w e r e  u s e d . S amp l e s  
w e r e  a l s o t ak e n  t o  de t e rm i n e t h e  max i mum s u r f a c e  s o i l 
m o i s t u r e  c o n t e n c i n  o r de r L u  l a t e r  c a l c u l a t e  t h �  s o i l  
wa t e r  d e f i c i t  M i n  E q u a t i on ( 1 7 ) ; t h e s e  s amp l e s  w e r e  
i mm e r s e d i n  �a t e r  i n  t h e  l ab o r a t o r y  b e f o r e d e t e rm i n i n g 
s a t u r a t i o n m o i s t u r e c o n t e n t s . A l l s o i l  m o i s t u r e  c o n t e n t s  
w e r e  de t e r m i n ed b y  o v e n  d r y i ng a t  1 0 3 - 1 0 5  d e g r e e s  C e l c i u s 
f o r  a m i n i mum o f  2 4  h o u r s . 
T ab l e  6 .  
r e s u l t s . 
- I n i t i a l  c o nd i t i o n s  f o r  i n f i l t ra t i on t e s t  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
T e s t  S e t  Ave r a g e  N umb e r o f  Nax i mum Numb e r  o f  
N umbe r Vo l um e t r i c  S ubp l o t s  V o l um e t r i c  S ubp l o t s  
M o i s t u r e  N o i s tu r e  
C o n t e n t  C o n t e n t 
3 3 3 3 
e m  / e m em / em 
1 0 . 3 2 1 9  
2 0 . 3 1 1 2  0 . 5 3 1 3  
W e i gh t ed 0 . 3 2 3 1  0 . 5 3 1 3  
Ave r ag e 
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T h e  v a l u e s  o f  AA and B B  f o r  d i f f e r e n t  wa t e r  t ab l e  
d e p t h s  w e r e  c a l c u l a t e d b y  t h e  p r o c edu r e  o u t l i ned b y  S k a g g s  
( 1 9 8 0 ) . T h e  s a t u r a t e d  c o nduc t i v i t y B B  wa s a s s um e d  c o n s t a n t 
a t  1 . 2  e m / h r . T h e  .s o i l  m o i s t u r e  d e f i c i t  a t  t h e  s u r f a c e  a t  
t h e  t i m e  o f  t h e  i n f i l t r a t i o n s am p l i ng w a � M = 0 . 5 3 - 0 . 3 2 
3 3 
= 0 . 2 1 e m  / e m  . T h e r e f o r e  t h e  e f f e c t i v e s uc t i o n a t  t h e  
w e t t i n g f r o n t  w a s  
s = AA I ( K  * N ) ( 1 8 ) 
a v  S v  
f r o m  E qu a t i o n ( 1 7 ) . T h i s  g i ve s  S = 4 . 4  I ( 1 . 2 * 0 . 2 1 ) = 
a v  
1 7 . 5  e m . V a l u e s  o f  AA f o r  g i v e n  �a t e r  t ab l e  d e p t h s  w e r e  
c a l c u l a t ed u s i n g E q u a t i o n ( 1 7 )  and t h e  s o i l  �-a t e r  
c h a ra c t e r i s t i c . F o r  e xa m p l e ,  t o  c a l c u l a t e  AA f o r  a wa t e r  
t ab l e  d e p t h  o f  1 0 0 e m , t h e  m o i s t u r e  c o n t e n t  c o r r e s po nd i n g 
t o  - 1 0 0  e m  was r e a d f r o m  t h e  s o i l  wa t e r  c h a r ac t e r i s t i c . 
3 3 
I f  t h i s  va l u e  wa s 0 . 3 8 e m  / e m  t h en M = 0 . 5 3 0 . 3 8 = 
3 3 
0 . 1 5 e m  / e m  and AA = K * N * s = 1 • 2 * 0 . 1 5 * 1 7 . 5 = 
2 S v  a v  
3 . 1 5 em / h r . Th i s  p r o c e d u r e  w a s  r e p e a t e d  f o r  o t h e r  wa t e r  
t ab l e  d e p t h s  ( T ab l e  7 ) . 
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T ab l e  7 .  G r e e n - Am p t  p a r a m e t e r s  v e r s u s  wa t � r  t ab l e d e p t h  
f o r  t h e  P o i n s e t t  s i l t  l o am . 
I n i t i a l  W a t e r  AA BB 
T ab l e  D e p t h  
2 
( e m )  em / h r  c m / h r 
0 0 . 0 0 0 . 0 0 
1 0  2 . 0 7 1 . 2 0 
2 0  2 . 4 3 1 . 2 0 
3 0  2 . 6 7 1 . 2 0 
4 0  2 . 7 7 1 .  2 0  . 
6 0  2 . 9 6 1 . 2 0 
8 0  3 . 0 9 1 . 2 0 
1 0 0  3 . 1 9 1 . 2 0  
1 2 0 3 . 2 7 1 . 2 0 
1 5 0  3 .  3 ., 1 .  2'0 
1 7 0 3 . 4 2 1 . 2 0 
2 0 0  3 . 4 9 1 . 2 0 
4 0 0  3 . 7 8 1 . 2 0 
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R E S U L T S  AND D I S CU S S I O� 
MOD E L  F I T T E R  CON S TRA I N T S . 
T h e  m o d e l  f i t t e r  c a n  f i t  u p  t o  1 2  p a ram e t e r s . F o r  
e a c h  l a ye r i n  t h e · s o i l , 3 p a r am e t e r s  a r e t h e  f o unda t i on 
f o r  t h e  s o i l  wa t e r  p r o f i l e  d e s c r i p t i o n : H , 
E 
B and K . 
s 
S i n c e  3 l a y e r s  we r e  c h o s e n  t o  d e s c r i b e  t h e  p r o f i l e , a 
max i mum o f  9 pa rame t e r s  c ou l d  h av e  b e en f i t t e d  f o r  e ac h  
s i m u l a t i o n . H o w e v e r , i f  i n c r e me n t s  added and s u b t r a c t ed 
f r om a p a r t i c u l a r  pa r am e t e r  p r o du c e n o  de t ec t ab l e  c h a n g e  
i n  t h e  DRA I NMOD p r e d i c t i on s  o f  wa t e r  t a b l e  d e p th , t h e  
r e s u l t �  a r e  s a i d  t o  b e  , .  s i n g u l a r ' '  f o r  t h a t  p a rame t e r . 
S i n g u l a r  r e s u l t s  p r o duc e z e r o d e r i v a t i ve s  i n  t h e  n u me r i c a l  
d i f f e r e n t i a t i o n o f  t h e  wa t e r  t ab l e  depth func t i on , t h e  
r e s u l t i n g s y s t e m  o f  l i n e a r  e qu a t i o n s  i n  t h e  m i n i m i z a t i on 
p r o c e du r e  b e c ome s u n s o l vab l e ,  a n d  p r o g r am e x e c u t i o n s t o p s . 
T h e r e f o r e f t  i s  e s s e n t i a l  t o  a v o i d  s i n g u l a r  r e s u l t s  w h e n  
u s i n g  t h e  mode l f i t t e r , wh i c h m a y  r e qu i r e t h e  numb e r  o f  
p a r ame t e r s f i t t e d  t o  b e  f ew e r  t h an 9 .  A t  l e a s t f o u r  
c a u s e s o f  s i n gu l a r r e s u l t s  e x i s t ; t h e y  w i l l  be d i s c u s s ed 
i n  i nc r e a s i n g  c o m p l e x i t y .  
T h e  f i r s t  c a u s e o f  s i n g u l a r  r e s u l t s  i s  s i mp l y t h a t  
t h e  r e s u l t s  a r e  n o t  c a r r i ed t o  a s u f f i c i e n t  n umbe r  o f  
s i g n i f i c a n t  d i g i t s  t o  d e t e c t d i f f e r e n c e s ; d i f fe re n c e s  a r e 
l o s t  i n  r o und i n g . T h i s  c an b e  a l l e v i a t e d by i nc r ea s i ng 
, · 
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t h e  n umb e r  o f  d i g i t s - u s ed i n  t h e  to rma t s t a t e men t t o  w r i t e 
d e p t h  t o  wa t e r  t ab l e va l u e s  f r o m DRA I NMOD t o  t h e  r e s u l t s  
f i l e . 
A s e c o nd c a u s e o f  s i ng u l a r  r e s u l t s  i s  t h e  s e l e c t i o n 
o f  a n  i n c r e me n t  f o r  a p a r ame t e r  t h a t  i s  t o o  s ma l l . F o r  
e x a mp l e ,  a c h a n g e  i n  h yd r a u l i c c o nduc t i v i t y o f  0 . 0 0 1  c m / h r  
i n  t h e  t h i r d s o i l  p r o f i l e  l a y e r may c a u s e  n o  d e t e c t ab l e  
c h a n g e s  i n  w a t e r  t ab l e  d e p t h  v a l u e s . A l a r g e r  i nc r e m e n t  
i s  t h e r e f o r e i nd i c a t e d . 
A t h i r d c au s e  o f  s i n g u l a r  r e s u l t s f o r  a pa rt i c u l a r  
p a rame t e r  i s  t h a t  t h e p a r am e t e r  b e i n g  f i t t ed , b y  t h e  
n a t u r e  o f t h e  p r ob l e m o r  t h e  m o de l , h a s  l i t t l e  o r  n o  
e f f e c t  on t h e  r e s u l t s , r e g a r d l e s s  o f  t h e  nume r i c a l  
a c c u r ac y  ach i e v e d  o r  t h e  i n c r e m e n t  c h o s e n . An e xamp l e  i n  
DRA I NMOD i s  K i n u n s a t u r a t e d l a ye r s  o f  t h e  p r o f i l e . I f ,  
s 
o v e r  t h e  s i mul a t i o n t i me pe r i od c h o s e n  f o r  p a r ame t e r  
e s t i ma t i o n , _ t h e  wa t e r  t ab l e n e v e r  e n t e r s  t h e  t o p  l a y e r o f  
t h e  s o i l , a t t empt i ng t o  f i t  K f o r  t h e  t o p  l a ye r � i l l  
s 
p r obab l y  p r oduc e  s i n g u l a r  r e s u l t s  b e c au s e  DRA I NMOD d o e s 
n o t  u s e  K f o r  u n s a t u r a t ed l a y e r s  t o  c a l c u l a t e  dr a i n  
S· 
o u t f l ow . DRAI NNOD u s e s  an e qu i va l en t  K t o  c a l c u l a t e  
s 




SDRA I N  
2 
e 
( 1 9 ) 
wh e r e  
a nd 
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q = d r a i n  o u t f l o w , c m / h r , 
D = e f f e c t i v e d i s t a n c e f r om t h e  dr a i n t o  t h e  
e 
i mp e rm e ab l e  l a y e r , em , 
h = e qu i v a l e n t h yd r a u l i c  c o ndu c t i v i t y , c m / h r , 
e 
m = m i dp o i n t wa t e r  t a b l e  h e i gh t  a bo v e  t h e 
d r a i n s , e m , 
S DRA I N  = d r a i n  s pac i n g , e m . 
T h e e f f e c t i v e d i s t a n c e  D f r o m  t h e  dr a i n  t o  t h e  
e 
i mp e r m e a b l e  l a y e r  i s  a f un c t i 0 n o f  t h e  a c t u a l  J i s t a n c e  
f r o m  t h e  d r a i n  t o  t h e  i mp e r m e ab l e l a ye r , a d j us t ed f o r  f l o w 
c on v e r g e n c e  n e a r  d r a i n s . T h e  e qu i v a l e n t h yd r a u l i c  
c on du c t i v i t y h i s  t h e  �e i g h t e d a v e r a g e  o f  t h e h yd r a u l i c 
e 
c o n d u c t i v i t i e s o f  e ac h  l a y e r  b e l o w  t h e  wa t e r  t a b l e ( F i g . 
1 3 ) ,  c a l c u l a t e d  b y  a n e qu a t i o n o f  t h e  f o r m  
d - * K  
1 8 1  
+ D * K  
2 8 2  
+ D * .K  
3 S 3  







( 2 0 ) . 
wh e r e : d 
1 
i s  t h e  s a t u ra t e d p o r t i o n o f  t h e  f i r s t  l a ye r , 
�h o s e  t h i c k n e s s  i s  D ; D a nd D a r e  t h e  th ic kn e s s e s o f  
1 2 3 
l a ye r s  2 and 3 ,  r e s p e c t i v e l y ; a n d  K , K and K a r e  t h e  
S 1 S 2  S 3  
s a t u r a t e d l a t e ra l  h ydr a u l i c c o nduc t i v i t i e s o f  l a ye r s  1 ,  2 
and 3 ,  r e s pe c t i v e l y . E q ua t i o n ( 2 0 )  i s  u s ed f o r  up t o  5 
l a y e r s  i n  DRA I NMOD and K i s  r e c a l c u l a t e d  be f o r e  e ac h  
e 
�� 
� G ro u n d  s u r fa c e  
-�---
7� #AW/ -r 
Ha t e r  ta b l e r ro f i l e  
ri l  
-- � J.---
7 t-
""' / 0 2  
I 
I ---- � --
o..------
. 
0 3  





I mp e rmea b l e l aye r 
F i g u r e 1 3 . E q u i v a l e n t h y d r a u l i c c o n d u c t i v i t �' ·  
- I  
-. ) 
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wa t e r  b a l a n c e  . c a l c u l a t i o n . I f  t h e wa t e r  t ab l e  d r o p s  be l o� 
t h e  f i r s t  l a ye r , d b e c ome s z e r o  and D bec ome s 
1 2 
t h e r e by e l i m i na t i ng K f r o m  t h e  c a l c u l a t i on o f  K 
S l  




i n  
e 
f r o m  
un s a t u ra t e d  l a y e r s · i n  i t s d ra i n  o u t f l o �� c a l c u l a t i o n , a n d  
a t t empt i ng t o  f i t  s uc h  a p a r ame t er i s  f u t i l e i f  t h e  
ob s e r v e d  d a t a  i nd i c a t e  t h a t  t h e  l a ye r r ema i n s  un s a t u r a t e d  
du r i ng t h e  s i mu l a t i o n . 
A f o u r t h  c a u s e o f  s i n g u l a r  r e s u l t s  i s  unde r e s t i ma t i o n 
o r  o v e r e s t i ma t i o n o f  i n i t i a l  va l u e s  f o r  c e r t a i n  
p a r ame t e r s , wh i c h p r o d u c e s  s i ng u l a r  r e s u l t s  i n  an o t h e r 
pa rame t e r  o r  s e t  o f  p a r a m e t e r s . An e x amp l e  i n  DRA I N�OD i s  
unde r e s t i ma t i o n o f  K i n  t h e  b o t t o m l a ye r , pr oduc i n g 
s 
s i n g u l a r i t y i n  d e p t h  t o  wa t e r  t ab l e  r e s u l t s  w i t h  r e s p e c t 
t o  c h ang e s  i ri  t h e  s o i l  wa t e r  c h a r ac t e r i s t i c  parame t e r s H 
E 
a n d  B f o r  t h e  b o t t o m l a ye r . I f  t h e  i n i t i a l  e s t i ma t e  o f  K 
f o r  t h e  b o � t o m  l a ye r i s  t o o  l ow , 
s 
t h e  f i r s t  i t e ra t i on o f  
t h e  m od e l  f i t t e r ' s  r u n s  o f  DRA I NMOD w i l l  p r oduc e e s t i ma t e s  
o f  wa t e r  t ab l e  de p t h  t h a t  r ema i n  a b o v e  t h e  bo t t om l aye r , 
s i n c e  s ma l l K v a l ue s r e s u l t  i n  l ow d r a i na g e  ra t e s . 
s 
S i n g u l a r  r e s u l t s  o c c u r  wh e n  t h e  m o d e l e r a t t emp t s  t o  f i t  
ih e  s o i l w a t e r  c h a r ac t e r i s t i c  p a r a m e t e r s H and B f o r  a 
E 
l a ye r wh i c h rema i n s s a t u r a t ed o v e r  t h e  DRAI NMOD s i mu l a t i o n 
b e c a u s e  t h e  s o i l  wa t e r  c h a r ac t e r i s t i c  a f f e c t s  the r e s u l t s  
( wa t e r  t ab l e  d e p t h  p r ed i c t i o n s ) p r i ma r i l y t h r ough t h e  
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d r a i n ed v o l um � - wa t e r  t a b l e d e p t h  r e l a t i Qn s h i p , b e c a u s e  t h e  
d r a i n e d  v o l um e - wa t e r  t a b l e  d e p t h  r e l a t i o n s h i p  i s  
n u m e r i c a l l y  e s t i ma t e d f r om t h e  s o i l  w a t e r  c h a rac t e r i s t i c  
o f  e a c h  l a ye r i n  t h e  p r o f i l e . T h e r e f o r e , i f  n o  d r a i n ag e 
f r o m  a l a ye r  o c c u r s , i . e .  t h e  l a y e r  rema i n s s a t u r a t e d , 
v a r i a t i o n i n  s o i l  w a t e r  c h a r ac te r i � t i c · parame t e r s  w i l l  
p r o d u c e  s i n g u l ar r e s u l t s . A s o l u t i on t o  t h i s  p r ob l e m i s  
t o  i nc r e a s e t h e  i n i t i a l  e s t i m a t e s  o f  h yd ra u l i c  
c o nduc t i v i t y  f o r  s a t u ra t e d  l a ye r s  t o  i nc r e a s e  d r a i n a g e  
r a t e s  s o  t h a t  t h e  r a n g e  o f  e s t i ma t e d  wa t e r  tab l e  d e p t h s  
f o r  t h e  f i r s t  i t e r a t i o n o f  t h e  mode l f i t t e r  r u n s  o f  
D RA I NMOD i n c l ud e s  i n i t i a l l y  s a t u r a t e d l a ye r s . I n  v i e t; o f  
t h i s , t h e  c u r r e n t  v e r s i o n o f  t h e  m od e l f i t t e r  d o e s  n o t  
pe rm i t  a n  a r b i t ra r y  v a l u e  f o r  a n  i n i t i a l e s t i ma t e  o f  a l l  
p a r ame t e r s . F o r  e x a m p l e ,  a n  i n i t i a l  e s t i ma t e  o f  H = 5 e m  
E 
o r  t h e  t o p  l a ye r may b e  t o o  l o w i f  u s ed a s  a n  i n i t i a l 
e s t i ma t e  o f  K f o r  t h e  b o t t om l a ye r f o r  
s 
DRA I NNOD 
s i m u l a t i on s . 
Ano t h e r  c o ns t r a i n t  i s  n e g a t i ve pa rame t e r  e s t i ma t e s  
a f t e r  s o l v i ng a s ys t em o f  e qua t i o n s . T h e  d i f f i c u l t y l i e s  
i n  t h �  fac t t h a t  n e g a t i ve pa r ame t e r  e s t i ma t e s  a r e  o f t e n  
m e an i ng l e s s , a s  i s  t h e  c as e  w i t h  f i t t i n g  H , B and K f o r  
E S 
DRAI N�OD . N e g a t i ve p a r am e t e r  e s t i ma t e s , wh en enc o un t e r ed ,  
we r e  a s s i gn ed a s ma l l  p o s i t i ve v a l u e . 
Uppe r and l owe r l i m i t s  f o r  e ac h  parame t e r  mus t b e  
8 0  
e s t a b l i s h ed b y  t h e  u s e r  t o  k e e p  t h e  par ame t e r  e s t i ma t e s  
w i t h i n  rang e s  t h a t a r e  ph y s i c a l l y  m e a n i n g f ul and t o  k e e p  
t h e  pa ra � e t e r  e s t i ma t e s  w i th i n r an g e s  that d o  n o t  c a u s e  
c o m pu t e r  und e r f l o w o r  o v e r f l ow e r r o r s . T h e  p a r ame t e r  
e s t i ma t e s  w e r e  c o n s t r a i n ed t o  l i e  w i t h i n  t h e  r an g e  o f  0 t o  
1 0 0 0 , a nd f u r t h e r  ana l ys i s  i n d i c a t e d  a l owe r l i m i t o f  0 . 1 5 
f o r  B .  T h e r e f o r e , a l l  p a r ame t e r  e s t i m a t e s · we r e  f o r c e d  t o  
l i e  b e t we en 0 . 1 5 and 1 0 0 0 . Th e  f o rward and bac k w a r d  
d i f f e r e n c e  c h o s e n , e .  g .  0 . 3 5 ,  add e d  t o  t h e  l ow e r l im i t o f  
0 0 1 5 ' 
0.5 0 . 
de t e rm i n e d  t h e  m i n i mum s o l u t i o n a l l ow e d , i . e . 
PRE LININAR Y  NOD E L  F ITTING . 
O n c e  t h e  c au s e s  o f  s i n g u l a r  r e s u l t s  and o t h e r . m o d e l 
c o n s t ra i n t s  a r e  unde r s t o o d , m o d e l f i t t i n g  can be g i n . T h e  
f i r s t  s t ep i s  s e l e c t i on o f  an i n i t i a l p a r ame t e r  d a t a  s e t  
( T ab l e  8 ) , e . g .  
c o ns t r a i n t s  o f  
r e s u l t s . On l y  3 
b y  t r i a l  and 
t h e  s ys t em 
e r r o r , wh i c h  s a t i s f i e s t h e  
and p r oduc e s  n o n s i ng u l a r  
pa r ame t e r s  w e r e  f i t t ed i n i t i a l l y  t o  
ma i n t a i n  t h e  s i mp l i c i t y o f  t h e  p r o b l em and t o  t e s t  t h e  
app l i ca t i o n o f  t h e  mode l f i t t e r  f r om Ras i ah ' s  ( 1 9 8 6 ) 
SWATRE a pp l i c a t i o n t o  t h e  DRAI NMOD a p p l i c a t i on . 
T h e  mode l f i t t e r  c o n v e rg ed t o  o b s e rv ed v a l u e s  v e r y  
qu i c k l y  ( T ab l e  9 and F i g . 1 4 ) w i t h  t h e  i n i t i a l p a rame t e r  
d a t a  s e t  f r o m T ab l e  8 .  Th e s um o f  s qu a r e s  obta i ne d  by t h e  
8 1  . 
s e c o nd i t e r a t i o n ( T ab l e s  9 a n d  1 0 ) i s  we l l  w i t h i n  t h e 
a c c u r ac y o f  t h e  t r a n s i om e t e r s . T r o o i e n e t  a l . ( 1 9 8 5 ) 
r e p o r t e d  a m i n i mum r an d o m  t r an s i o me t e r  m e a s u re m e n t  e r r o r  
2 
o f  2 .  9 1  em . T h e  s um o f  s qu a r e s  1 5 1 . 8 4 em g i v e s  a n  
a v e r a g e  d i f f e r e n c e  o f  2 . 5 2 e m b e t w e e n  e ach o f  t h e  2 4  
m e a s u r e d  and obs e r v e d  da t a  pa i r s  f or t h e  s i mu l a t i o n 
c o r r e s p ondi ng t o  t h e  t r a n s i ome t e r  a t  l o c a t i o n 6 .  
T ab l e  8 .  I n i t i a l  pa r am e t e r  d a t a  s e t  f o r  l o c a t i on 6 � i t h  
3 p a r ame t e r s  t o  be f i t t ed . 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
L a y e r  D e p t h  H D I� e 
E s s 
3 3 
( em )  ( e m )  ( em / h r .> ( e m / em ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 0 6 1  5 1 0  1 0  0 . 4 1 
2 6 1  1 2 2  5 0 . 5  1 0  0 . 4 4 
3 1 2 2  - 1 8 9  5 1 0  1 0  0 . 5 0 
FUL L - S CALE MODEL F I TT I NG . 
T h e  n ex t  s t e p  i n  t h e  a p p l i c a t i o n o f  t h e  mode l f i t t e r  
wa s t h e  u s e  o f  a s  many p a r am e t e r s  a s  p o s s i b l e . T h e 
i n i t i a l  p a rame t e r  e s t i ma t e s  ( Ta b l e  1 1 ) w e r e  approx i ma t i on s  
o f  l a t e r  i t e r a t i o n s  o f  t h e  r e s u l t s  o f  t h e  mode l f i t t e r  
w i th 3 p a r ame t e r s  f i t t e d . T h e  m o d e l f i t t e r  c onve r g e d  we l l  
( T ab l e  1 2 ) f o r the s i mp l e  e v e n t  o f  a dra i n i ng pr o f i l e  w i t h  
8 2  
.. 
T ab l e 9 .  C o nve r g e n c e  o f  t h e  m o de l f i t t e r  t o  ob s e r v e d  d a t a  
at l o c a t i on 6 w i t h  3 p a r am e t e r s  f i t t e d . 
T I NE 
( H o u r  o f  
t h e  m o n t h ) 
D e p th t o  wa t e r  t a b l e  
( e m )  
Ob s e r v e d  E s t i ma t e d 
- - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - -
2 6 4  8 6 . 2  
2 6 6  9 1 . 5  
2 6 8  9 6 . 4  
2 7 0 1 0 1 . 4  
2 7 2  1 0 6 . 0  
2 7 4  1 1 0 . 3  
2 7 6  1 1 4 . 9 
2 7 8  ] ] 8 . 8 
2 8 0  1 2 2 . 8  
2 8 2  1 2 6 . 5  
2 8 4  1 3 0 . 2  
2 8 6  1 3 3 . 7  
2 8 8  1 3 6 . 6  
2 9 0  1 3 9 . 1  
2 9 2  1 4 1 . 4  
2 9 4  1 4 4 . 6  
2 9 6  1 4 6 . 9  
2 9 8  1 4 8 . 6  
3 0 0 1 5 0 . 8  
3 0 2  1 5 2 . 0  
3 0 4  1 5 4 . 2  
3 0 6  1 5 5 . 7  
3 0 8  1 5 7 . 4  
3 1 0  1 5 9 . 2  
3 1 2 1 6 0 . 3  
S um o f  S qu a r e s  
I t e ra t i on numbe r 
1 2 4 
- - - - - - - - - - - - - - - - - - - - -
8 6 . 2  8 6 . 2  8 6 . 2  
9 8 . 7 9 9  9 0 . 7 5 2  9 1 . 0 8 7  
1 0 7 . 6 7 6  9 5 . 4 7 7  9 6 . 1 7 4  
1 1 4 . 3 1 3  9 9 . 8 3 9  1 0 1 . 2 4 1  
1 2 0 . 1 2 8 1 0 4 . 0 2 8  1 0 6 . 1 5 9  
1 2 4 . 0 6 5  1 0 7 . 8 4 4  1 1 0 . 4 8 8  
1 2 7 . 5 3 2 1 1 1 . 3 3 1  1 1 4 . 3 2 8  
1 3 0 . 6 5 0 ] 1 LJ , 5 2  8 1 1 7 . 7 � 7  
1 3 3 . 4 7 2  1 1 7 . 4 7 1 1 2 1 . 6 8 6  
1 3 6 . 0 3 9  1 2 0 . 5 0 4  1 2 7 . 0 1 5  
1 3 6 . 9 2 7  1 2 6 . 1 4 3 1 3 0 . 7 8 1  
1 3 8 . 6 0 9  1 3 1 . 2 0 8  1 3 4 . 3 7 5  
1 4 0 . 1 5 3  1 3 5 . 3 5 8  1 3 7 . 4 4 8  
1 4 1 . 5 7 4  1 3 8 . 8 1 2  1 4 0 . 1 0 1  
1 4 2 . 8 8 6  1 4 1 . 7 2 4 1 4 2 . 4 1 0  
1 4 4 . 0 9 9  1 4 4 . 2 0 4  1 4 4 . 4 3 4  
1 4 5 . 7 8 5  1 4 6 . 6 8 8  1 4 6 . 4 8 9  
1 4 7 . 3 5 2 1 4 8 . 8 4 1  1 4 8 . 3 1 1  
1 4 8 . 8 1 3  1 5 1 . 1 7 8  1 4 9 . 9 3 6  
1 5 0 . 1 2 7  1 5 3 . 7 4 2  1 5 2 . 5 2 6  
1 5 1 . 2 2 2  1 5 5 . 8 4 8  1 5 4 . 7 0 5  
1 5 2 . 2 4 0  1 5 7 . 5 9 9  1 5 6 . 5 2 0  
1 5 2 . 7 3 4 1 5 8 . 5 0 2  1 5 7 . 5 5 2  
1 5 1 . 6 6 5  1 5 7 . 3 6 3  1 5 6 . 7 7 0 
1 5 2 . 1 8 7  1 5 8 . 3 0 3  1 5 7 . 7 6 4 
1 5 0 7 . 1 3 9  1 5 1 . 8 4 3 3  2 1 . 3 5 3 0 6  
S o l u t i o n me t h o d  2 3 3 
1 = S t e e p e s t - de s c e n t  
2 = Ma r q u a r d t  i nt e r po l a t i on 
3 = T a y l o r s  s e r i e s 
- - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 70 
1 60  -t a � e i i 
1 !K)  $ § + + 
+ 
+ + ""'"' ' ' � Ill 0 
+ 
6 
i ""-J 1 40  LlJ 
+ + � .J 
� + + � 1 30  + .:. � � + g � + � ¢ � 1 20 + 




� , 1 0  a -<> + � � 0 





--1 - ----- ----.---- I 1 
260 280 JOO 320 
TIME (HOUR OF THE MONTH) 
c OBS. + f1 <> 112 A , ... 
F i g u r e 1 4 . C o n v e r g e n c e  o f · t h e  m o d e l f i t t e r  t o  o l> s e r v e d d a t a . 
00 
w 
Ta b l e  1 0 . DRA I NMOD pa r a m e t e r da t a  s e t s  u s e d b y  t h e  m o d e l f i t t e r  i n  t h e · 
f i r s t  s o l u t i o n a t  l o c a t i o n 6 w i t h  3 pa r am e t e r s  ( B  ' K a n d  K ) f i t t e d . 
2 S 2  8 3  
I H B K H B l{ H B K s s  M 
E 1  1 S 1  E 2  2 S 2  E 3  3 S 3  
5 1 0 1 0  5 0 . 5  1 0  5 1 0  1 0  1 0 "' 2 5 
1 5 1 0  1 0  5 1 4 . 2 7 1 2 7 . 5  5 1 0  6 1 . 7 1 5 0 7 . 1 4 2 
2 5 1 0  1 0  5 . 2 5 1 5 4 . 2  5 1 0  1 8 9 . �  1 5 1 . 8 4 3 
3 5 1 0  1 0  5 . 6 2 2 3 2 . 7  5 1 0  2 0 1 . 5 3 4 . 2 0 3 
<! 5 1 0  1 0  5 . 6 4 2 4 2 . 6  5 1 0  2 0 8 . 4  2 1 . 3 5 3 
5 5 1 0  1 0  5 . 6 4 2 2 9 . 7  5 1 0  � 0 9 . 3  2 1 . 3 3 2 
6 5 1 0  1 0  5 . 6 4 2 4 1 . 0 5 1 0  2 0 8 . 8  2 1 . 3 1 2 
I = I t e r a t i o n n u m b e r .  s s  = S u m  o f  S q u a r e s . 
M = M e t h o d o f  s o l u t i o n : 1 . . .  S t e e p e s t - d e s c e n t .  
2 . . .  M a r q u a r d t  i n t e r po l a t i o n .  
3 . . .  T a y l o r s  s e r i e s . 
00 
� 
T a b l e  1 1 . I n i t i a l  pa r a m e t e r  da t s e t  f o r  l o c a t i on 6 
w i t h 8 pa r a m e t e r s  t o  be f i t t e d . 
L a y e r D e p t h  H E  B K S  OS 
( em )  ( em )  - ( c m / h r ) ( c m 3 / c m 3 ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 0 - 6 1  5 1 0  3 . 8  0 . 4 1  
2 6 1  ..l. 1 2 2  5 1 0  5 0  0 . 4 4 
3 1 2 2 - 1 8 9 5 1 0  5 0  o .  5 0  
CXi 
CJ I  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Tab l e  1 2 . DRA I NMOD pa r ame t e r  da t a  s e t s  f o u nd b y  t h e  mode l 
p a r ame t e r s  and f o r  t h e  " F I TTE D " s o l u t i o n i n  F i g u r e  1 5 . 
I HE 1 B l  KS l 
5 1 0  3 . 8  
1 . 5 9 . 5 0 3 . 8  
2 • 5 9 . 5 4 3 . 8  
3 . 5 9 . 9 8 3 . 8  
4 . 5 1 0 . 0 3 3 . 8  
5 . 5 2 9 . 9 5 3 . 8  
6 . 5 6 9 . 9 6 3 .  ,8 
7 · . 5 9 9 . 8 5 3 . 8  
8 . 6 2 9 . 7 5 3 . 8  
9 . 6 5 9 . 6 3 3 . 8  
1 0  . 6 8 9 . 4 8 3 . 8  
I = I t e r a t i o n numb e r . 
M = Me t h od o f  s o l u t i o n : 
HE 2 B 2  KS 2 
5 1 0  5 0  
2 . 4 5 1 1 . 8 8 1 0 . 1 9  
2 . 0 9 1 1 . 9 1  1 . 5 8  
1 . 9 6 1 1 . 9 3 . 5 
1 . 8 8 1 1 . 8 8 . 5 
1 . 8 2 1 1 . 8 3 . 5 
1 . 7 7  1 1 . 7 7 . 6 5 
1 . 7 3 1 1 . 7 2 1 .  1 3  
1 . 6 8 1 1 . 6 6 1 . 7 0 
1 . 6 4 1 1 . 6 0 2 . 2 9 
1 . 6 0 1 1 . 5 5  3 . 1 0 
s s  = S u m  o f  S q u a r e s . 
1 . . . S t e e pe s t - d e s c e n t . 
HE 3 
5 
8 . 8 4 
1 1 . 2 4 
1 3 . 4 3 
1 4 . 2 7 
1 4 . 4 7 
1 4 . 5 1 
1 4 . 5 5 
1 4 . 6 0 
1 4 . 6 7 
1 4 . 7 8 
2 . . .  Ma r q u a r d t  i n t e rpo l a t i o n . 
3 . . .  Ta y l o r s  s e r i e s . 
B 3  
1 0  
1 6 . 8 4 
2 4 . 3 3 
2 9 . 4 0 
3 0 . 5 3 
3 0 . 0 0 
2 9 . 3 4 
2 8 . 6 5 
2 8 . 0 6 
2 7 . 1 5 
2 6 . 6 4 
f i t t e e r  f o r  8 
KS 3 s s  M 
5 0  1 0 " 2 5  
6 3 . 7 9 1 6 1 . 0 4 2 
6 5 . 6 8 7 6 . 9 9  2 
6 6 . 8 2 5 3 . 0 3 2 
6 7 . 6 4 5 0 . 8 6 2 
6 8 . 3 1 5 0 . 2 0 2 
6 8 . 9 7 4 9 . 6 3 2 
6 9 . 5 9 4 9 . 1 3  2 
7 0 . 2 0 4 8 . 6 5 2 
7 0 . 8 0 4 8 . 1 8  2 
7 1 . 3 9 4 7 . 7 5 2 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
co 
m 
8 7  
8 parame t e r s . f i t t e d . 
C o n v e n t i o na l , ana l yt i c  p a r am e t e r  e s t i ma t i o n p r oduc e d  
D R A I NMOD s i mu l a t i o n r e s u l t s  i n  p o o r  a g r e ement w i t h  f i e l d 
o b s e r va t i o n s  f o r  t h e  l ys i m e t e r  ( F i g . 1 5 ) .  T h e  s � i l  wa t e r  
c h a r a c t e r i s t i c  d a t a  i n  T ab l e  4 a n d  t h e  h yd r a u l i c  
c 6 ndu c t i v i t y de t e rm i n e d  f r om s o i l c o r e s  . i n t h e  l �b o r a t o r y  
( 3 . 8  c m / h r ) we r e  u s e d i n  S O I LP 2 A  a n d  S O I LP l A  t o  p r oduce a 
m od i f i e d s o i l i npu t p r o pe r t y  p a r a me t e r  da ta s e t  i n  t h e  
f o rm o f  S O I L S . DAT de s c r i b e d  e a r l i e r , �h i c h  wa s i n  t u r n  
u s ed t o  g e n e r a t e  t h e  l ab o r a t o r y ( " LAB . " )  DRAI NNO D 
p r e d i c t i o n s  o f  w a t e r  t ab l e  de p t h  i n  F i g . 1 4 . 
S u ch l o w va l u e s  o f  K ( i . e .  K = K = 3 . 8  c m / h r ) 
s S 2  S 3  
p r oduce s i n g u l a r  r e s u l t s  i n  H and B bec a u s e  t h e  l-Va t e r  
E 3  3 
t ab l e  n e v e r  e n t e r s  t h e  th i rd l a ye r , wh i c h  b e g a n  a t  1 2 2  em 
d e p t h . 
da ta i n  
T h e r e f o r e , h i g h e r  
Tab l e  1 3 )  o f  K 
S 3  
i n i t i a l e s t i ma t e s  ( ' ' E S T . ,. 
and K we r e  u s ed 
S 2  
t o  g e n e r a t e  
' ' E S T . "  DR.A I NNOD p r ed i c t i o n s o f  w a t e r  t ab l e  d e p t h  i n  F i g . 
1 5 • 
T h e  mode l - f i t t e d ( ' ' F I T T ED " ) DRA I NNOD p r e di c t i o n s  o f  
wa t e r  tab l e  d e p t h  i n  F i g . 1 5  a r e  t h e  r e s u l t o f  t h e  t e n t h  
i t e ra t i o n o f  t h e  mod e l  f i t t e r , u s i n g t h e  i n i t i a l  p a r am e t e r  
da t a  s e t  " E S T . ' ' i n  T ab l e  1 3 . 
HYDRAUL I C  CONDUCT I V I TY R E S UL T S . 
C a r e  mu s t  be e x e r c i s ed i n  a s s i g n i ng va l u e s  t o  s ys t em 
........ 






























320 340 J60 ' 
TIME (HOUR OF THE MONTH) 
EST. <> FlTIED 
380 400 
-- OBS. 
F i g u r e  1 5 . C o n v e n t i o n a l , e s t i m a t e d and f i t t e d  DHA I N NOD s i m u l a t i o n s  a n d  
t ra n s i ome t e r  wa t e r  t a b l e  me a s u r e me n t s  a t  l o c a t i o n 6 .  
ex, 
ex;, 
p a r ame t e r s  n o t  b e i n g f i t t e d  i n  a m o de l , o r  t h e  r e s u l t i n g  
f i t t e d p a r a me t e r  e s t i ma t e s  m a y  b e  g i v en v a l u e s  wh i c h a r e  
d i f f i c u l t  t o  i n t e r p r e t , y e t  wh i c h p r o v i d e a g o od m od e l 
f i t . An e x amp l e  i n  t h e  DRA I NMOD s i mu l a t i o n s  o f  wat e r  
t ab l e  d r a wd o wn i n  t h e  l ys i me t e r  i s  a s s i g nm e n t  o f  t h e  d r a i n  
d e p t h . T h e  d r a i n  d e p t h  w a s a s s i g n e d  a va l u e o f  1 6 4  e m , 
t h e  m i dp o i n t  o f  t h e  c o a r s e  s i l t / f i n e  s and l a y e r  i n  
T r o o i e n ' s o i l  l o g s , b u t  t h e  s l o w l y  p e rm e ab l e l a ye r  ( t ak e n  
t o  b e  " i mp e rmeab l e " f o r  DRA I NMOD s i mu l a t i o n p u r po s e s ) w a s 
a t  1 8 9  e m  d e p t h . T h u s  d r a i n a g e  c o u l d and d i d  s t i l l  o c c u r  
i n  t h e  l y s i m e t e r  w h e n  t h e  w a t e r t ab l e  d e p t h w a s  b e twe e n  
T ab l e  1 3 . DRA I NMOD p a r am e t e r  d a t a  s e t s  u s e d i n  F i g u r e  1 5 . 
PARANETER NE THOD 
L AB . E S T . F I TTED 
- - - - - - - - - - - - - - - - -
H 0 . 3 5 5 0 . 6 8 
E 1  
B 1 2 . 1 8 1 0  9 . 4 8 
1 
K 3 . 8  3 . 8  3 . 8  
S l  
H 0 . 0 7 5 1 . 6 0 
E 2  
B 1 0 . 7 1 1 0  1 1 . 5 5 
2 
h 3 . 8  5 0  3 . 1 0 
S 2  
H 0 . 0 8 5 1 4 . 7 8 
E 3  
B 6 . 9 4 1 0- 2 6 . 6 4 
3 
K 3 . 8  50 7 1 . 3 9 
8 3  
9 0  
1 6 4  a n d  1 8 9 - c rn , a s  t r a n s i o m e t e r  r e ad i n g s i nd i c a t e d . B u t 
f o r  c o nv e n t i o n a l d r a i n a g e , DRA I NMOD s e t s  d r a i n  o u t f l o w t o  
z e r o i f  n e g a t i v e  d r a i n  o u t f l o w va l u e s  o c c u r  d u e  t o  wa t e r  
t ab l e  d e p t h s  g r e a t e r  t h a n t h e  d r a i n  d e pth ( i f m i s  
n e g a t i v e  i n  E q . ·( 1 9 ) ) . 
I f  t h e  wa t e r  t a b l e  i s  be l o w t h� d t a i n  l i n e s , u pwa r d  
f l ux o f  wa t e r  f r om t h e  w a t e r  t ab l e t o  t h e  s u r f a c e  i s  t h e  
o n l y  c a u s e o f  f u r t h e r  w a t e r  t ab l e d r awdown i n  DRAI NMO D 
s i m u l a t i o n s : d e e p  s e e pag e i s  z e r o  b e c a u s e o f  t h e  
.l ::>, t_· e r ;:-� 1 J n s s 1. s n f' .�/ J � c:. t e d b � · 
DRA I N!IOD ; and d r a i n  o u t f l o w i s  z e r o , a s  de s c r i b e d  
p r e v i o u s l y . W h e n  t h e  m o d e l f i t t e r  e n c o un t e r s  t ra n s i o m e t e r  
r e a d i n g s b e l ow t h e  d r a i n  l i n e ' s  p o s i t i o n , i t  m u s t r e s o r t  
t o  a d j u s t i n g t h e  pa r a m e t e r s  s o  a s  t o  f o rmu l a t e  a n  u p wa r d  
f l u x f u n c t i o n w i t h g r e a t e r  u p f l ux t o  l o we r t h e  e s t i ma t e d  
l-.·a t e r  t a b l e p o s i t i o n 
-
t ra n s i om e t e r re ad i n g s . 
i n t o  c l o s e r  ag r e e m e n t  
I n  n o rm a l DRA I NMOD s i mu l at i on s , t h e  wa t e r  t ab l e  
d rawdown r a t e  s h o u l d  d e c r e a s e t o  n e a r  z e r o  ( n o d r a i na g e ) 
a s  t h e  wa t e r  t ab l e  a pp r o ac h e s  t h e  d r a i n  l i ne d e p t h , s i n c e  
d r a i n  o u t f l o w d e p e nds o n  t h e  s qua r e  o f  t h e  wa t e r  t ab l e  
h e i g h t  abo v e  t h e  d r a i n  l i ne ( Eq s . ( 1 9 ) and ( 2 0 ) ) • B u t  t o  
s a t i s f y t rans i om e t e r  m e a s ureme n t s  tha t d e c r e a s e  b e yond t h e  
a s s um e d  dra i n  d e p th o f  1 6 4 e m  a s  th o u g h t h e  dra i n  we r e 
d e e pe r , t h e  mode l f i t t e r  i nc r e a s e d the s a t u ra ted h ydrau l i c 
c o ndu c t i v i t �  i n  t h e  t h i rd l a y e r  o f  t h e· p r o f i l e . 
o n e  p o s s i b l e  e x p l a n a t i o n o f  t h e v e r y  h i g h 
c o n du c t i v i t i e s  e s t i ma t e d  f o r t h e  bo t t o m la y e r  
s i m u l a t i o n  f o r  l o c a t i o n 6 ( E  i n  T ab l e 1 3 ) • 
S 3  
( 1 9 8 6 ) n um e r i c a l  e s t i m a t e s  o f K w e r e  h i g h e r  t h an 
s 
T h i s  i s  
h ydra u l i c 
i n  t h e  
R a s i ah ' s  
o b s e r v e d  
va l u e s , a n d  D a n e  a nd H r u s k a  ( 1 9 8 3 } f o und n um e r i c a l  
e s t i ma t e s t h a t  we r e  a n  o rde r o f  ma g n i t ud e  h i g h e r  t h a n  
o b s e r v e d  va l u e s . 
S O I L  Y.-ATER C H ARAC T ER I S T I C  RE S U LT S . 
S o i l wa t e r  c h a r ac t e r i s t i c c u r v e s  b a s e d  on pa r ame t e r s  
e s t i ma t ed b y  t h e  m ode l f i t t e r  f o r  t h e  te n t h  i t e r a t i o n 
( T a b l e 1 2 ) we r e  c o mpa r e d  w i th l ab o r a t o r y  s o i l  wa t e r  
c h a r ac t e r i s t i c c u r v e s ba s e d o n  t h e  s t a t i s t i ca l l y  e s t i ma t e d  
pa rame t e r s  f r om T ab l e  4 .  T h e da t a  f o r  t h e  f i r s t  l a y e r 
( F i g . 1 6 ) i s  i n  g o o d  a g r e e me n t  w i t h  l a bo r a t o r y  da t � , t h e  
da ta f o r  t h e s e c o nd l a y e r  ( F i g . 1 7 ) d o e s  n o t  a g r e e  a s  we l l  
a s  t h e  f i r s t  l a y e r  w i t h  i t s c o r r e s po nd i ng l abo r a t o r y  da t a , 
and t h e  d a t a  f o r  t h e  t h i rd l a y e r  ( F i g . 18 ) i s  i n  v e r y  p o o r  
ag r e em e n t  w i th i t s c o r r e s po n d i n g l ab o r a t o r y  data . T h e 
s o i l  wa t e r  c h a r ac t e r i s t i c r e s u l t s  mus t b e  i n t e r p r e t ed and 
u s ed w i t h c au t i on ,  s i nc e g ra v i me t r i c  s o i l  wa t e r  c o n t en t s  
a r e  g i ve n  f o r  th e l ab o ra t o r y  d a t a , wh e re a s  v o l ume t r i c  s o i l  
'h·a t e r  c on t e n t s we r e  f o und b y  t h e  mode l f i t t e r . 



























F i g u r e 1 6 . 
f i r s t  l a y e r  
1 00 
LAB (0-81 CM) ( g / g ) 
200 300 
l£NSION (CM WATER) 3 3 · + FlrrED (0-61 CM) ( em I em ) 
400 
Labo ra t o r y  and mod e l - f i t t e d · s o i 1 H a t e r  c h a r a c l. t� r 1 s l  i c s  f o r  t l u .. 
























0. 1 8  
0 
0 
1 00  
LAB (8 1 - 1 22 CM) ( g /g ) 
200 JOO 
TENSlON (CM WATER) 3 · 3 
. + FillED (81 - 1 22 CM) ( em / em ) 
400 
F i g u r e 1 7 . L a b o ra t o r y  a n d  m o d e l - f i t t e d  s o i l H a t e r  c h a r a c l e 1 · i s l i c s f o r  l h e  



















0. 1 5  
0.1 
c 
0 1 00  
LAB (1 22-21 4 CM) ( g/g } 
200 300 
TENSION (CM WATER) 3 3 · + FinED (1 22- 1 88 CM) ( em 1 em ) 
400 
F i g u r e  1 8 . L a b o r a t o r y a n d  mod e l - f i t t e d R o i l  w a t e r  c h a r a c t e r i s t i c s f o r  t h e  
t h i rd l a ye r ( 1 2 2 - 2 1 4  a n d  1 2 2 - 1 8 9 e m , r e s p e c t i v e l y ) o f  t h e  Po i n s e t t  s i l t  l o a m . (.0 
...... 
9 5  
g i v e s  v o l um e t r i c  mo i s t u r e  c on t e n t . 
3 
T h e  b u l k  d e n s i t y w a s  
1 . 0 6 , 1 . 1 8 a nd 1 . 2 9 g / c m  f o r  l a y e r s  1 ,  2 and 3 ,  
r e s p e c t i v e l y . 
T h e  d e g r e e  o f  a g r e em e n t  b e t w e e n  l a b o r a t o r y and f i t t e d  
s o i l  wa t e r  c h a r a c t e r i s t i c  c u r v e s  i s  d i r e c t l y  r e l a t e d  t o  
t h e  de g r e e  o f  a g r e em e n t  b e t w e e n  t h e  l ab o r a t o r y  and f i e l d 
c o n d i t i o n s  u p o n  w h i c h t h e  c u r v e s  a r e· ba s e d . T h e  
l ab o r a t o r y s o i l  wa t e r  c h a r a c t e r i s t i c  c u r ve s  we r e  ba s e d o n  
p r e s s u r e  p l a t e  d e t e rm i n a t i o n s  w i t h  t e n s i o n s  f r om 0 t o  
a p p r o  x i m a t e  l y 1 5 0 0 0 c m \.-.' a t e r e x  e r t e d o n  t h e  s amp l e s  f o �, 
a l l  l a y e r s . T h e  m o r e  n e a r l y  t h e  f i e l d  s i t u a t i o n 
a p p r o a c h e d  th i s  r an g e o f  t e n s i o n s , t h e  m o r e  c l o s e l y  t h e  
f i e l d  ( i . e .  f i t t e d ) da t a  a g r e ed w i t h t h e  l ab o r a t o r y  da t a . 
T h e  r a n g e  o f  t e n s i o n s  e n c o u n t e r e d  i n  s i t u  v a r i e d w i t h  
d e p t h . R e c a l l t h e  ' d r a i n e d  t o  e qu i l i b r i um '  a s s umpt i on 
u s e d i n  t h e  n u m e r i c a l  e s t i m a t i o n o f  t h e  dra i n e d  v o l u m e -
-
wa t e r  t ab l e  d e p t h  r e l a t i o n s h i p .  B r i e f l y , i t  s t a t e d  t h a t  
t h e  t e n s i o n e x e r t e d o n  a n y  i nc r e m e n t a l  l a y e r  i n  t h e  
p r o f i l e wa s de f i n e d  t o  b e  e qu a l  t o  i t s  d i s t an c e a b o ve t h e  
wa t e r  t ab l e , a s s um i n g n o  e v a p o t r a n s p i r a t i o n h ad y e t 
o c c u r r ed . T h u s  t h e g r e a t e r  t h e  d i s t an c e  f r o m  a l a y e r  t o  
t h e  wa t e r  t ab l e ,  t h e  g r e a t e r  t h e  s o i l wa t e r  t en s i on i n  
t h a t  l a y e r . F o r  e x amp l e , s u p p o s e  t h e  wa t e r  t ab l e  f e l l 
f r om 8 0  e m t o  1 6 0 e m  d u r i n g t h e  s i m u l a t i o n ( wh i ch w a s  
app r o x i ma t e l y  w h a t  o c c u r r e d ) ,  t h e  l a y e r s  w e r e de f i n ed a s  
i n  t h i s  exp e r i m e n t  ( 0 - 6 1 em , 6 1 - 1 2 2  ern and 1 2 2 - 1 8 9 e m ) a n d  
evapo t r an s p i r a t i o n was n e g l i g i b l e . A t  t h e  b e g i nn i n g o f  
t h e  s i mu l a t i o n ,  t h e  t o p  1 em o f  l a ye r 1 w o u l d  h a ve h ad ( 0  
- 8 0  em ) - 8 0  ern ma t r i c  po t e n t i a l , and a t  t h e  e nd o f  t h e  
s i mu l a t i o n , t h e  ma t r i c  p o t e n t i a l  w o u l d  h a v e  b e e n  ( 0  - 1 6 0  
e rn ) - 1 6 0  e rn . S i m i l a r l y , t h e s e c o nd l a ye r  �o u l d  h a v e  b e g u n  
a t  ( 6 1 - 8 0  em ) - 1 9 e rn  m a t r i c  p o t e n t i a l  and ended a t  ( 6 1 - ; 
1 6 0  e m ) - 9 9  em and t h e  t h i rd l a y e r  w o u l d  h a ve e x p e r i e n c e d  
a t  th e b e g i nn i ng a p r e s s u r e  p o t e n t i a l o f  ( 1 2 2 - 8 0  e m ) 4 2  
e m , and e n d  a t  ( 1 2 2 - 1 6 0  ern ) - 3 8  e m  m a t r i c  p o t e n t i a l . 
Th us t h e  t en s i o n ran g e s  e n c o un t e r e d  i n  s i t u by l a ye r s  1 ,  2 
a n d  3 � o u l d  h a ve b e e n  8 0  e m , 8 0  e m  and 3 8  e m , 
r e s p e c t i v e l y , and i t  c a n b e  s e e n t h a t  g r e a t e r t e n s i o n 
r a n g e s  we r e  a s s o c i a t e d w i t h  b e t t e r  a g r e e m e n t  b e t we e n  
l ab o r a t o r y  a n d  f i t t ed c u r v e s . 
T h e  s o i l  �a t e r c h a r a c t e r i s t i c  a f f e c t s  t h e  � e s u l t s  
p r o du c e d b y  D RA I NMO D t h r o u g h  t h e  d r a i n e d  v o l um e - wa t e r  
t ab l e  d e p t h  r e l a t i o n s h i p  a s  f o l l o w s . T h e  g r e a t e r  t h e  
v a l u e o f  B i n  e q u a t i o n  ( 1 ) f o r  t h e  s o i l 
c h a r a c t e r i s t i c , t h e  f l a t t e r  t h e  c u rv e  b e c ome s . 
w a t e r  
T h a t i s , 
a s  B b e c o m e s  l a rg e r , e r em a i n s  c l o s e r t o  e t h r o ug h o u t t h e  
s 
r a n g e o f  t e n s i o n s  e n c o un t e r e d , 
s o l ve d  f o r  9 :  
9 ( H )  = 9 
s 
* ( H I H 
E 
a s  s h own by E qu a t i on ( 1 ) 
1 I B ) 
( 2 1 ) 
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I f  t h e . s o { l  wa t e r  c h a r a c t e r i s t i c c u rve r ema i n s f l a t  ( a s 
t h e  " F I T T E D ' '  c u r v e i n  F i g . 1 8 ) ' t h e  s o i l h a s  a l o w 
dr a i n ab l e  p o r o s i t y .  D r a i n ab l e  p o r o s i t y i s  t h e  d ec r e a s e i n 
mo i s t u r e  c o n t e n t  f r om s a t u r a t i o n t o dra i n ed e q u i l i b r i um o r  
" f i e l d  c a pac i t y . ' !  L o w  d r a i n ab l e  p o r o s i t y p r odu c e s  l a r g e  
wa t e r  t a b l e  r e s p o n s e s  t o  g r a v i t y  d r a i na g e  o f  wa t e r . F o r 
i n s t a n c e , a d r a i n ab l e  p o r o s i t y o f  0 . 0 5 p r o duc e s  a 2 0 - c m  
d r o p  i n  wa t e r  t ab l e  p o s i t i o n w i t h  t h e  r e m o v a l  o f  1 e m  o f  
wa t e r . On t h e  o t h e r  h a nd , t h e  s ame a m o u n t  o f wa t e r 
r e m o v e d  f r o m a s o i l �- i t h a d r a i n  a b 1 e p o r o  s i t y u f i�l • 2 0 
wo u l d  p r od u c e  a 5 - cm d r o p  i n  wa t e r t ab l e  p o s i t i on . I f  
" f i e l d  c a p a c i t y ' ' i s  t ak e n  t o  be t h e  m o i s t u r e  c o n t e n t  f o r  a 
t e n s i on o f  1 0 0 e m  wa t e r , l a ye r 1 a s  c ha r a c t e r i z ed b y  t h e  
m ode l f i t t e r  u s i ng l o c at i on 6 da t a d e c r e a s e s  i n m o i s t u r e 
c o n t e n t  by a b o u t  1 7  p e r c e n t  ( f r o m  F i g . 1 6 ) f r om s a t u r a t i o n 
t o  f i e l d  c ap ac i t y , wh e r e a s  l a ye r 3 s i m i l a r l y  ch a r ac t e r i z e d  
d e c r e a s e s  i n  m o i s tu r e  c o n t e n t  b y  o n l y  abo u t  3 p � rc e n t  
( f r o m  F i g . 1 8 ) f r om s a t u r a t i o n t o  f i e ld c apac i t y . Th u s  
t h e  r e m o v a l  o f  1 e m  o f  wa t e r  f r o m  layer 1 o f  t h i s  s o i l 
w h e n  s a t u ra t e d  p r oduc e s  a ( 1 / 0 . 1 7 ) 6 - c m  d r o p  i n wa t e r  
t ab l e  po s i t i o n , b u t  r em o va l o f  1 e m  o f  wa t e r  f r om l a ye r 3 
o f  th i s  s o i l  wh e n  s a t u r at ed p r odu c e s  a ( 1 / 0 . 0 3 )  3 3 -cm d r o p  
i n  wat e r  t ab l e  p o s i t i on . T h i s  v e r y l ow 4ra i nab l e  p o r o s i t y 
-
f o r  t h e  t h i rd l a y e r  a l l ows DRA I NMOD t o  p r o duce v e r y  r ap i d  
wa t e r  t ab l e  drawdown s w i t h o u t  t h e  r emoval o f  e xc e s s i ve l y  
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l a r g e  q u a n t i t i e s  o f  wa t e r . T h e  t r aris i ome t e r  wa t e r  t ab l e  
r e ad i n g s  a t  l oc a t i o n 6 f e l l  v e r y  r ap i d l y ( F i g s . 1 4  a n d  
1 5 ) , a n d  t h e  m o d e l f i t t e r  g a v e  DRA I NMOD s o i l wa t e r  
c h a r a c t e r i s t i c s  t h a t  p r oduc e d  a s i m i l a r l y  r a p i d  w a t e r  
t ab l e d r a w d o wn . ( I t s h o u l d b e  n o t e d  t h a t  t h e  d r a i na b l e 
p o r o s i t y c o nce pt h a s  u s e d  h e r e f o r  s i mp l i c i t y  i n 
i l l u s t r a t i v e pu r po s e s , wh i l e t h e  mode l f i t t e r  u s ed t h e  
d r a i n e d  v o l um e - wa t e r  t ab l e d e p t h  r e l a t i o n s h i p , 
e a r l i e r , �h i c h i s  s i m i l a r  b u t  m o r e  c omp l ex . )  
e x p l a i n e d 
T h e  s o i 1 �.; <:::'.. t. e r c h a. r a c t e r i s t i c d a t a e .s t.. i m a t e d o y t h e  
m od e l f i t t e r  i s  n o t  g o od f o r  d r y  c o n d i t i o n s  s i nc e d  a l l  
e s t i ma t e s  � e r e  made n e a r  s a t u r a t i o n . D r i e r c o n d i t i o n s  
c o u l d  b e  ob t a i n e d  b y  m o d e l i n g o ve r  a n  en t i r e  g r o w i ng 
s e a s on w i t h a g r o � i n g c r o p  p r� s e n t . N o t  o n l y  �a u l d t h e  
r e s u l t i n g  s o i l wa t e r  c h a r ac t e r i s t i c s r e p r e s e n t  a g r e a t e r 
p o r t i o n o f  t h e  s o i l wa t e r t e n s i o n s  e nc o u n t e r e d  b y  c r o p s 
and h e n c e  be m o r e  u s e f u l  i n  m o d e l i ng , b u t  t h e  c u r ve s _ wo u l d  
r e pr e s e n t bo t h s o r p t i o n  a n d  d e s o rp t i on o f  wa t e r  i n  t h e  
s o i l . B o t h ra i n f a l l and i r r i g a t i on ( i nc r e a s i n g  t h e  s o i l 
m o i s t u r e c on t e n t ) and d ra i na g e  a n d  e vapo t r an s p i ra t i o n 
( de c r e a s i n g t h e  s o i l  m o i s t u r e c o n t e n t ) w o u l d  be 
r ep r e s e nt ed in the be s t - f i t t i ng s o i l  wa t e r  c h a r ac t e r i s t i c  
c u r v e o b t a i ne d  f r om f i t t i n g DRA I NMOD t o a f u l l  s e a s o n  o f  
wa t e r  t ab l e  d e p t h va l u e s . B y  c o n t r a s t , t h e  c o n v e n t i on a l  · 
l ab o r a t o ry de t e rm i na t i o n o f  t h e  s o i l wa t e r  c h a rac t e r i s t i c  
m e a s u r e s  
M o r e o v e r ,  
9 9  
s o i l  mo i s t u r e  c o n t e n t  d u r i n g d e s o r p t i o n o n l y . 
h yd r a u l i c  p a r ame t e r s  b a s e d  o n  a f u l l s ea s o n o r  
s e v e r a l  s e a s o n s  o f  da t a  c o u l d r e p r e s e n t  s e a s o n a l  c h a n g e s  
i n  h yd r a u l i c  p a r am e t e r s , s u c h  a s  t h o s e d u e  t o  f r e e z e - t h aw 
c yc l e s . 
C O N C LUS I ON S  AND R E C OMME NDAT I ONS 
F r om t h i s  i n v e s t i g a t i·o n , i t  wa s c o nc l uded t h a t : 1 ) 
p a r am e t e r  e s t i ma t i o n by m od e l  f i t t i n g s h o u l d  be e x pe c t e d  
t o  w o r k  f o r  s i m u l a t i on s  w i t h t h e  mode l f i t t e r  a n d  t h e  
wa t e r  mana g e me n t  m o d e l DRA I K�OD , a nd 2 )  a n  a pp r o pr i a t e  
a p p l i c at i o n o f  t h e m e t h od o l og y i s  e s t i ma t i o n o f  h yd r a u l i c  
pa r am e t e r s  f o r  a f i e l d - s c a l e_ d r a i n a g e o r  s u b i r r i g a t i o n : 
s y s t e m . F o r  s u c c e s s f u l  i m p l e m e n t a t i o n  o f  t h e  m e t h odo l o g y , 
t h e  u s e r  m u s t s u f f i c i e n t l y  u n d e r s t a nd t h e  mode l DRAI NMOD 
and t h e  r e qu i r e m e n t s  o f  t h e  m o d e l f i t t e r , and be ab l e  t o  
a c c u r a t e l y  r e p r e s e n t t h e  f i e l d  s i t ua t i on b y  t h e  m ode l . 
Th e f i r s t o b j e c t i v e w a s  t o  d e s i g n  a nd c o n s t r u c t  a 
l ys i me t e r  s i m i l a r  t o  a s e c t i o n o f  a d r a i ned/ s ub i r r i g a t e d  
f i e l d  w i t h  t r ans i om e t e r  i n s t r um e n t a t i o n i n p l a c e . A 
l ys i me t e r  wa s s uc c e s s fu l l y  d e s i g n e d  and c o n s t r u c t ed i n  
s l ow l y  p e rm e ab l e  s o i l i n  e a s t e r n  S o u t h  Dak o t a  by t r e n c h i ng 
a r o und T r o o i en e t  a l . ' s t r an s i o me t e r  d e e p  mon i t o r i ng s i t e . 
A p l a s t i c  bar r i e r w a s  i n s t a l l ed t o  c on f i n e wa t e r  w i t h i n  
t h e  p l o t , and a n  i r r i g a t i on s ys t em and d r a i n  l i ne we r e  
s uc c e s fu l l y  i n s t a l l ed and u s e d . I n  f u t ur e  s t udi � s , t h e  
p l a s t i c  bar r i e r u s ed s h o u l d  b e  m a d e  f r om w i de r  p l a s t i c , 
s u c h  a s  w i th 4 2 7 - c m  ( 1 4 - f t . ) r o l l s  i ns t e a d  o f  3 0 5 - cm ( 1 0 -
f t . ) r o l l s , t o  i n s ur e  t h a t  t h e  p l a s t i c  r e ac h e s  t o  t h e  
g r o un d  s u r fa c e  e a s i l y .  
T h e  s ec ond o b j e c t i ve w a s  t o  m e a s u r e  and ana l yt i c a l l y  
\ 
e s t i m a t e s o i l i n p u t  p a r a m e t e r s  b y  c o n� e n t i o n a l  p r o c e d u r e s . 
C o n v e n t i o na l s t a t i s t i c a l  s amp l i n g  wa s u s e d t o  s e l e c t  
s am p l i n g l o c a t i o n s  f o r  t h e  s o i l  s am p l e s  u s e d  i n  t h e  
c o n s t a n t - h e a d h yd r a u l i c c o n d u c t i v i t y t e s t  a n d  t h e  p r e s s u r e  
p l a t e  d e t e r m i n a t i o n o f  t h e  s o i l  wa t e r  c h a r a c t e r i s t i c . T h e  
c o r e s  u s e d we r e  t a k e n  f r o m  u n b r o k e n  s e c t i o n s  i n  e a ch o f  
t h e  3 0 - o m  ( 1 - f t . ) i n c r e m e n t s  g r o u p e d  t o g e t h e r  f o r  
s a m p l i n g . T h e  r e s u l t s , e s p e c i a l l y  t h o s e  o f  t h e  h yd r a u l i c  
c o n d u c t i v i t y  t e s t s , m a y  b e  g r e a t l y  b i a s e d t o wa r d  
r e p r e s e n t i n g t h e  f l o w o f  s o i l  wa t e r  i n  m i c r o p o r e s , n o t  
b e c a u s e  o f  t h e  s a m p l i ng p l a n ' s  s e l ec t i o n o f  g e o g r a p h i c  
l o c a t i o n f o r  s a mp l i n g , b u t b e c a u s e  o f  t h e  s e l e c t i o n 
p r o c e s s  u s e d  t o  t a k e  c o r e s  f r o m  a m o n g  t h e  s am p l e f r a g me n t s  
a va i l a b l e t o  t h e r e s e a r c h � r .  W h a t  i s  s e e n  i n  t h e  
l ab o r a t o r y a s  a b r o k e n  f r a g m e n t  o f  a s o i l  c o r e , a n d  
t h e r e f o r e  c o n s i d e r e d  u n u s ab l e  f o r  t e s t i n g , m a y  i n  f a c t  b e  
t h e  n a t u r a l l y  o c c u r r i n g s o i l  c o nd i t i o n . T h u s  l ab o ra t o r y  
t e s t i ng c a n  b e  b i a s e d t ow a r d  t e s t i n g  t h e  f l o w  i n  
m i c r o p o r e s  and m i s r e p r e s e n t  t h e  c o n t r i b u t i on t o  ma c r o p o r e s  
i n  t h e  s o i l  p r o f i l e . T h e  r e s e a r c h e r  s h o u l d  t h e r e f o r e  p a y  
m u c h  s t r i c t e r  a t t e n t i o n t o  t h e  s o i l  c o r e a s  i t  c o m e s  o u t  
o f  i t s s amp l i ng l o c a t i o n t o  unde r s t and t h e  s t r u c t u r e  o f  
t h e  s o i l p r o f i l e o v e r d e p t h . - F u r t h e rm o r e , i t  m a y  b e  
d e s i r ab l e  t o  s ub s am p l e  t h e  s amp l i ng i n c r e me n t s  c h o s e n ( 3 0 -
e m  ( 1 - f t . ) i n c r e m e n t s we r e  u s e d  i n  t h i s  r e s e a r c h ) ,  b e c a u s e  
,· 
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d o i n g s o  m a y  f o r c e  t h e  r e s e a r c h e r  t o  a v o i d  t h e  b i a s  w h i c h 
m a y  r e s u l t b e c a u s e  o f  t h e  c o nv e n i e n c e  o f  t e s t i n g un b r o k e n 
s amp l e s . 
T h e  t h i r d o b j e c t i v e w a s  t o  u s e wa t e r  t a b l e 
m e a s u r e m e n t s  a n d DRA I N M OD t o f i nd s o i l  i np u t  p r o p e r t y  
p a rame t e r s  b y  m o d e l f i t t i n g t e c h n i qu e s . W a t e r  t a b l e  
m e a s u r e m e n t s  o v e r t i m e  w e r e  ob t a i n e d w i t h i n  t h e  l y s i m e t e r  
f r o m  t h e  r e ma i n i n g f u n c t i o n a l  t r a n s i o m e t e r s  u s e d b y  
T r o o i e n e t  a l . H ou r l y  t r a n s i o m e t e r r e a d i n g s  we r e  o b t a i n e d  
a u t o ma t i c a l l y � i t h  a d a t a  a c q u i s i t i o n s y s t e m . A dr a i n i n g  
p r o f i l e w a s  o b t a i n e d  b y  f i r s t  r a i s i n g t h e  w a t e r  t ab l e  
w i t h i n t h e  l ys i m e t e r b y  s u r f a c e  a p p l i c a t i o n o f  wa t e r  
t h r o u g h  d r i p  ' l i n e s , a nd t h e n  s t o pp i n g  t h e  i r r i g a t i o n a nd 
r e mo v i n g wa t e r  f r o m  t h e  s u � p , t h u s  l owe r i n g t h e  w a t e r  
t a b l e w i t h i n  t h e  l y s i m e t e r . T h e  wa t e r  manag e m e n t  m o d e l 
wa s m o d i f i e d f o r  c o mpa t i b i l i t y w i t h t h e mo d e l f i t t e r  a n d  
t h e  e xp e r i m e n t p e r f o r m e d o n  t h e  P o i n s e t t  s i l t  l o a m _ s o i l . 
C h an g e s  i n DRA I NMOD e n ab l e d i t  t o  b e g i n a n d  e n d  o n  
a r b i t r a r y  da y s  w i t h i n a g i v e n  m o n t h , s i n c e  t h e  e xp e r i m e n t  
r a n  f r o m  1 2  t o 2 5  A u g u s t ,  1 9 8 6 ; t o  a l ways p e r f o r m  h o u r l y  
wa t e r b a l a n c e  c a l c u l a t i o n s  ( r a � h e r  t h an b i h o u r l y  o r  d a i l y 
c a l cu l a t i on s , d e pe n d i n g  o n  a n t e c ed e n t  m o i s t u r e  
·c o nd i t i o n s ) ,  s i n c e  h o u r l y  t r a n s i o m e t e r wa t e r  t ab l e  d e p t h 
da t a  w a s  t ak e n ; a n d  t o  r e a d  a m od i f i ab l e  s o i l  p r o p e r t y  
d a t a  f i l e , s i n c e  t h e  m o d e l f i t t e r  r e qu i r e d  DRA I NMOD t o  
r e s po n d 
Ad j u s tm en t s  
t o  
1 0 3 
a d j u s t m e n t s  i n  h yd r a u l i c  p a r am e t e r s . 
w e r e  m a d e  f o r  n o n c e n t e r l i n e  m e a s u r em e n t s  o f  
wa t e r  tabl e d e p t h  a c c o r d i n g  t o  t h e e qu a t i o n o f  an e l l i p s e .  
T h e m od e l  f i t t e r  c o nv e r g ed q u i c k l y  f o r  a s e t  o f  w a t e r  
t a b l e m e a s u r em e n t s  t a k e n  f r om t h e l y s i rn e t e r ' s  d r a i n i n g 
p r o f i l e .  H o w e v e r ,  s e v e r a l  c o n s i d e ra t i o n s  m u s t  b e  m a d e  i n  
o rd e r f o r  t h e  p r o g r a m s  t o  r u n  " i t h o u t  e r r o r s . Av o i d i n g  
s i n g u l a r r e s u l t s  r e q u i r e s  u s i n g  a s u f f i c i e n t  n umb e r  o f  
s i g n i f i c a n t  d i g i t s i n  t h e  m o d e l o u t pu t  f i l e , u s i n g a 
s u f f i c i e n t l y  l a r g e  i n c r em e n t  i n  e a c h  p a r a m e t e r f o r  t h e  
f o r � a r d - a n d  b a c k � a r d - d i f f e r e n c i n g  t e c h n i qu e  o f  t a k i n g 
d e r i v a t i v e s , un d e r s t a nd i n g l�h e t h e r  o r  n o t  a pa r t i c u l a r 
p a r a m e t e r  w i l l  a f f e c t t h e  m o d e l o u t pu t  f i l e , an d 
u n d e r s t a nd i n g  i n t e r ac t i o n s  b e t w e en p a r a m e t e r s  b e i n g 
f i t t ed .  P r o g r a m  c h e c k s  f o r  s i n g u l a r o u t pu t  f i l e s  c o u l d  
c o n c e i v a b l y c o r r e c t f o r  s i n g u l a r  r e s u l t s  b y  i n c r e a s i n g  o r  
d e c r e a s i n g  t h e  i n c r e m e n t s  c h o s e n f o r  v a r i ab l e s  · b e i n g  
f i t t e d . 
A f u r t h e r  r e qu i r e m e n t  f o r  s u c c e s s f u l  m ode l f i t t e r 
o p e r a t i o n i s  t o  a v o i d  p h y s i c a l l y  m e a n i n g l e s s  s o l u t i o n s , 
s u c h  a s  n e g a t i v e h yd r a u l i c  c o n d u c t i v i t y e s t i �a t e s . I t  i s  
a l s o n e c e s s a r y t o  k e e p  t h e  p a r a m e t e r  e s t i ma t e s  � i t h i n  
ph y s i c a l l y  r e a s o n a b l e  u p p e r  a ri d  l o w e r  b o un d s , a n d  a l s o  
u p p e r a n d l o � e r bo u n d s  t h a t  w i l l  n o t  c a u s e c om p u t e r  
un d e r f l o w o r  o v e r f l o w e r r o r s . A g a i n , c o mpu t e r  c h e c k s  o f  
o u t p u t f i l e s c o u l d i n c o r p o rat e e r r o r  r o u t i n e s  t o  o v e r c o m e 
s o m e  o f  t h e s e d i f f i c u l t i e s . 
C o m pu t e r  t i me i mp r o v e m e n t s c o u l d  b e  made � i t h  t h e  u s e  
o f  F ORTRA� t h r o u g h o u t . I n  f a c t , F ORTRAX u s e  i s  n e c e s s a r y  
i n  f u t u r e  u s e  o f  t h e  m o d e l DRA I NMOD , s i n c e  p r o � r a m  e r r o r s  
i n  t h e  B A S I C  v e r s i o n o f  t h e  m o d e l h a v e  b e e n  r e c e n t l y  
c on f i rm e d  ( a f t e r c o mp l e t i o n o f  t h i s  r e s e a r c h ) � i t h  n o  
c u r r e n t  i n t e n t i o n o f  c o r r e c t i o n ( N o l t e , 1 9 8 7 ) .  T h e  a u t h o r 
t r i e d t o  u s e F O R TRA� , b u t  o n l y t wo o f  t h e  t h r e e n e c e s s a r y  
DR A I ��10D p r o g ram m o d i f i c a t i o n s  w e r e  s u c c e s s f u l l y  mad e , 
r e q u i r i n g r e v e r s i o n t o  s uc c e s s f ul l y  i mp l e me n t e d  
m o d i f i c a t i o n s  i n  t h e B A S I C  v e r s i o n o f  DRA I NMOD . S o l u t i o n  
t i m e  w o u l d a l s o b e  r e d u c e d  i f  t h e  m o de l f i t t e r  u s e d  
M a r qu a rd t ' s  p r o c e d u r e t o  i t s f u l l e s t advan t� g e , b y  
s e l e c t i ng t h e  o p t i m um i n t e r p o l a t i o n  b e t w e e n  t h e s t e e p e s t 
d e s c e n t  and T a y l o r ' s  s e r i e s  s o l u t i on s , 
s i n g l e c o mp r o m i s e va l u e . 
ra t h e r  t h a n  a 
T h e  f o u r t h  ob j e c t i ve w a s  t o  c ompa r e  s o i l  parame t e r  
e s t i m a t e s  de r i v e d  w i t h  DRA I N�O D a n d  s o i l  parame t e r  
e s t i ma t e s  bas ed u p o n  a n a l y t i c  e s t i m a t i o n s . · Two s o i l  wa t e r  
p r o p e r t i e s  w e r e  c o mpa r e d : s a t u ra t e d  h yd r au l i c  
c o nduc t i v i t y  and t h e  s o i l  wa t e r  c h a r ac t e r i s t i c . 
H ydrau l i c c o nduc t i v i t y e s t i ma t e s  f r om t h e  m od e l  
f i t t e r  we re g en e r a l l y  h i gh e r t ha n  e i t h e r  t h o s e  f o und i n  
t h e  f i e l d w i th t h e  a ug e r  h o l e  me t h o d  ( a v e r ag e  = 2 . 5 . c m / h r ) 
o r  i n  t h e  l a b o r a t o r y  b y  t h e  c o n s t a n t  .h e a d  m e t h o d  ( a v e r a g e  
= 3 . 8  c rn / h r  f o r  a l l l a y e r s ) .  T h e  h yd r a u l i c  c o nd u c t i v i t y  
f o r  t h e  f i r s t  l a y e r w a s  n o t f i t t e d , s i n c e  t h e  l a y e r  w a s  
n e v e r  s a t u r a t e d , 
c o n d u c t i v i t y  i �  
s a t u r a t e d  z o n e . 
a nd DRA I �MOD ' s  e q u i v a l e n t · h yd r a u l i c 
c a l c u l a t e d f r o m c o ndu c t i v i t i e s i n  t h e  
T h e  f i t t e d  h yd r a u l i c  · c o ndu c t i v i t y  f o r  t h e  
s e c o n d l a ye r ( 3 . 1 c rn / h r ) a t  l o c a t i o n 6 w a s  i n  g o o d 
a g r e e me n t  w i t h t h e  l ab o r a t o r y v a l u e  ( 3 . 8  cm / h r ) .  T h e  
h yd r a u l i c  c o ndu c t i v i t y f o r  t h e  t h i r d l a ye r ( 1 2 2  - 1 8 9 e m ) 
f o und b y  t h e m o d e l f i t t e r  a t  l o c a t i o n 6 ( 7 1 . 4 crn / h r ) 1 s  
m o r e  t h a n  a n  o rd e r o f  m a g n i t u d e  g r e a t e r  t h a n  t h e  h yd r au l i c  
c o n du c t i v i t y f o r  t h e  t h i r d l a y e r  ( 1 2 2 - 2 1 4  e m ) f o u n d  b y  t h e  
c o n s t a n t h e a d l ab o r a t o r y m e t h o d ( 3 . 8  c m / h r ) .  T h e  t h i rd 
l a ye r ' s  h yd r a u l i c c o n d u c t i v i t y  p r o b ab l y  w o u l d  n o t  be a s  
l a r g e , bu t i n  b e t t e r  a g r e e m e n t  w i t h  t h e  l ab o r a t o r y v a l u e , 
i f  t h e  s i mu l a t i o n ' s  d r a i n  l o c a t i o n h a d  b e e n  a s  t h o ug h  t h e  
d r a i n  we r e  r e s t i n g o n  t h e  i mp e r m e a b l e  l a y e r  ( e . g . , 1 8 4  
em ) , r a t h e r  t h a n  n e a r  t h e  m i dd l e  o f  t h e  t h i rd l a ye r ( 1 6 4  
e m  d e p t h ) .  I n  t h e  l ys i m e t e r  t h e  wa t e r  t ab l e  c o u l d  i n  f a c t 
d r o p  t o  t h e  i mp e r m e ab l e  l a y e r , s i n c e  t h e  t h i r d l a y e r  wa s 
c o nn e c t e d  h y d r a u l i c a l l y  t h r o ug h  t h e  p e a  r o c k  t o  t h e  d r a i n  
l i n e - - wh i c h was a c t ua l l y  b e l o w t h e  i m p e rmeab l e  l a ye r , 
a l o ng t h e  s o u t h  t r e n c h  ( F i g . 7 ) . On t h e  o t h e r  h a n d , 
ph y s i c a l l y  p l ac i n g  t h e  d r a i n  l i ne h i gh e r  c o u l d  h a v e  
i mp r o v ed t h e  s imu l a t i on . 
1 0 6  
I t  w a s  n o t e d t h a t  t h e  l a b o �a t o r y  va l u e  o f  t h e  
h yd r a u l i c  c o n d u c t i v i t y m a y  h a v e  b e e n  b i a s e d t o w a r d  f l ow i n  
m i c r o p o r e s ra t h e r  t h a n mac r o p o r e s  d u e  t o  t h e  s ub s amp l i n g 
d o n e  i n  t h e  la b o r a t o r y . T h e r e f o r e  t h e  f i t t e d  p a r am e t e r  
o f  t h e  h i g h h yd r a u l i c  c o n d u c t i v i t y f o r  t h e t h i r d l a y e r  
i nd i c a t e s  t h a t  t h e  f l o w o f  � a t e r  i n  t h e  t h i r d l a y e r  o f  t h e  
P o i n s e t t  s i l t  l o a m m a y  o c c u r  l a r g e l y  i n  m ac r o p o r e s , s i n c e  
t h e  f i t t e d  s o l u t i o n i s  s o  m u c h g r e a t e r � h an t h e  l ab o r a t o r y  
v a l u e . T h e  f i t t e d  s o l u t i o n i s  r e p r e s e n t a t i ve o f  t h e  
e n t i r e l y s i m e t e r , w h e r e a s t h e  l a b o r a t o r y  c o r e  i s  
r e p r e s e n t a t i v e o f  p e r h a p s  o n l y  f l ow i n  m i c r o p o r e s . F u t u r e 
s t u d y s h o u l d  e m p ha s i z e t h e  n e e d  t o  a c c u r a t e l y r e p r e s e n t  
t h e  f i e l d  s i t u a t i o n b y  t h e  m o d e l , e .  g .  p l a c e  t h e . d r a i n  
l i ne a t  a d e e p e r  d e p t h  i n  t h e  s i mu l a t i o n , and f u t u r e s t udy 
s h o u l d a l s o  emph a s i z e t h e  n e e d  f o r  i mpa r t i a l i t y i n  
c h o o s i n g  t h e  c o r e s  t o  be u s e d  f o r  p r o p e r t i e s  e s t i ma t e d 
f r om c o r e s - - t h e  c o n s t a n t - h e a d  h yd r a u l i c  c ondu c t i v i t y and 
t h e  p r e s s u r e  p l a t e  de t e rm i n a t i on o f  the s o i l  wa t e r  
c h a r a c t e r i s t i c . 
T h e  c o n c l u s i o n t h a t  f l o w i n  t h e  t h i r d l a y e r o f  t h e  
P o i n s e t t  s i l t  l o am m a y  o c c u r  l a r g e l y  i n  mac r o p o r e s  i s  
s u b j ec t t o  t h e  l i m i t a t i o n t ha t  t h e  f i e l d s i t u a t i o n wa s n o t  
e n t i r e l y  ac c u r a t e l y  r e p r e s e n t e d . A b e t t e r  c o n c l us i o n 
c o u l d b e  d r awn i f  t h e  l y s i m e t e r  w a s  a c c u r a t e l y  r e p r e s e n t ed 
by DRAI NMOD . T h e  c o n c l us i on d o e s  i nd i c a t e  a po s s i b l e  a r e a  
,. · 
o f  s t u dy : u s i n g c o r e  s amp l i ng t e c h n i qu e s  t o  e s t i ma t e  
h yd r a u l i c  c o n d u c t i v i t y i n  m i c r o p o r e s  an d u s i n g t h e  m o d e l 
f i t t e r  t o  e s t i m a t e  h yd r a u l i c  c o nd u c t i v i t y  i n  bo t h  
m i c r o p o r e s  a n d  i n  ma c r o p o r e s . Th e n e c e s s i t y  o f  a c c u r a t e  
m o d e l i n g  i s  e s p e c i a l l y  s e e n wh e n  t h e  r e s u l t s  o f  th e t 'h' O  
m e t h o d s  o f  h yd r a u l i c  c o ndu c t i v i t y e s t i ma t i o n f o r  t h e  
s e c o n d  l a y e r  a r e  c o n s i d e r e d . Th e r e s u l t s a r e  i n  g o od 
a g r e eme n t : t h e  c o n v e n t i on a l m e t h od r e s u l t e d i n  a 
h y d r a u l i c c o n d u c t i v i t y  e s t i m a t e  o f  3 . 8  c m / h r , a n d  t. h e  
m o d e l f i t t e r ' s  e s t i m a t e  w a s 3 . 1 e rn / h r . � o t e  t h a t  t h e 
s e c o n d  l a y e r  wa s m u c h  m o r e  a c c u r a t e l y  r e p r e s e n t e d by t h e  
m o de l t ha n  t h e  t h i r d l a y e r , s i nc e  t h e  d r a i n  l i n e  
d i s c r e p a n c y  w a s  i n  t h e t h i r d l a y e r . 
F o r t h e  s o i l w a t e r  c h a r a c t e r i s t i c , t h e  de g r e e o f  
a g r e e m e n t  b e t w e e n  f i t t e d  a n d  l ab o r a  t o r :v- ( an a l y t i c )  
e s t i m a t e s  � a s  i n  d i r e c t  p r o p o r t i o n t o  t h e r a n g e  o f  t e n s i o n 
v a l u e s  u p o n  wh i c h t h e  f i t t e d  c a l c u l a t i o n s  w e r e  b a s ed � G o od 
a g r e em e n t  w a s  f o und f o r  t h e s u r f a c e l a y e r  o f  t h e  s o i l  
p r o f i l e , a n d  t h e  a g r e e m e n t  b e c am e  p r o g r e s s i v e l y  w o r s e  f o r  
t h e  s e c o nd and t h i r d l a y e r s . B a s i n g t h e  e s t i ma t e s  o n  a 
s i m u l a t i o n w h i c h i n c l u d e d d r i e r  s o i l s , s u c h  a s  w i t h  a 
g r o w i n g  c r o p  o n  t h e  l y s i me t e r  a n d  o v e r  t h e  f u l l g r o w i n g  
s e a s o n , wo u l d  h a v e i n c r e a s e d  t h e  r a n g e  o f  t e n s i o n v a l u e s  
e n c o u n t e r e d , t h e r e b y  po s s i b l y  i m p r o v i n g t h e  a c c u r ac y o f  
t h e  s o i l w a t e r  c h a r a c t e r i s t i c  pa r a m e t e r s '  e s t i ma t i o n s . 
, ·  
1 o-a 
B e t t e r  a g r e e m e n t  b e t � e e n l ab o r a t o r y and f i t t e d  e s t i ma t e s  
o f  s o i l  �a t e r  c h a r a c t e r i s t i c  p a r am e t e r s  p r obab l y c o u l d  
h a v e  b e e n  a t t a i n ed h ad t h e w a t e r  t a b l e  n o t  d r o pp e d  s o  
q u i c k l y . E l i m i n a t i o � o r  r e d u c t i o n i n  s i z e o f  t h e  p e a  r o c k  
e n v e l o p e  w o u l d  h a v e  r ed u c e d  d r a i n a g e  f r om t h e  l y s i me t e r , 
pe r h a p s  r e s u l t i n g  i n  l a r g e r  d r a i n a b l e p o r o s i t y v a l u e s . T h e  
pe a r o c k  · e n v e l o pe d i d  i n c r e a s e t h e  r e s p on s e  t i m e  o f  t h e  
l y s i m e t e r  f r om na t u r a l l y o c c u r r i n g c ond i t i o n s . L e a k a g e  
t h r o u g h  t h e  l y s i m e t e r ' s  p l a s t i c � a l l s  w ou l d  i nc r e a s e  t h e  
r a t e  o f  w a t e r  t a b l e d r a w d o w n . T h e  f i t t e d  v e r s u s  
l a b o r a t o r y  s o i l  � a t e r  c h a r a c t e r i s t i c da t a  c o n t a i n e d  i n  
t h i s  r e p o r t  s h o u l d b e  u s e d w i t h . c au t i o n ,  s i n c e t h e  
l ab o r a t o r y d a t a � e r e  i n  f a c t g r a v i m e t r i c  s o i l m o i s t u r e  
c o n t e n t s , w h e r e a s  t h e m o d e l  f i t t e r  a s s um e d  v o l u m e t r i c  s o i l 
w a t e r  c o n t en t s . T h i s  e r r o r  c a r r i e d o v e r  i n t o  t h e  d e r i v e d  
p r o p e r t i e s - e s t i m a t e d  f r om t h e  s o i l  w a s t e r  c h a r a c t e r i s t i c , 
s u c h  a s  t h e  d r a i n e d v o l u m e - w a t e r  t ab l e  d e p t h  r e l a t i o n s h i p  
e s t i ma t e d f o r  t h e  P o i n s e t t  s i l t l o a m . � a t h e m a t i c a l l y , 
v o l um e t r i c  m o i s t u r e  c o n t e n t  i s  t h e  p r o du c t  o f  g r av i m e t r i c  
m o i s t u r e  c o n t e n t  a n d  b u l k  d e n s i t y .  
A g r e e m e n t  b e t w e e n  l a b o r a t o r y  a n d  m o de l v a l u e s  f o r  
b o t h  h yd r a u l i c c on du c t i v i t y a n d  t h e  s o i l  wa t e r  
c h a r a c t e r i s t i c  w a s  g o o d n e a r  t h e  s o i l s u r f a c e , i n  
s a t u r a t e d  o r  p a r t i a l l y s a t u r a t e d  r e g i o n s  f o r  t h e  
s i mu l a t i o n de s c r i b e d . N e a r t h e  s u r f a c e , t h e  m o d e l m o r e  
c l o s e l y  a p p r o x i ma t e d  t h e  f i e l d s i t u a t i o n - - n ame l y , a n  
un s a t u r a t ed , d ra i n i n g p r o f i l e . A t  d e e p e r  l a y e r s  i n  t h e  
s o i l , h owe v e r ,  t h e  m od e l d e v i a t e d  f r om t h e  � e om e t r i c a l  
c on f i g u r a t i o n o f  th e f i e l d  s i tu a t i o n .  F o r  e x amp l e , f o r 
t h e  f i r s t  l a y e r , b o t h  t h e  m o d e l a n d  �h e  f i e l d s i t u a t i o n 
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a n d  t h e  t h i r d l a ye r i n  DRA I NMOD w e r e  i n c r e a s i n g l y  
d i s s i m i l a r . 
i n i t i a l l y  
I n  b o th c a s e s  t h e  l a y e r  i s  d e s c r i b e d  a s  
s a t u r a t e d , d r a i n i n g  t o  a n  u n s a t u r a t e d  
c ond i t i o n . B u t  d r a i n  l i n e p l a c em e n t  wa s d i f f e r e n t  i n  e a c h 
c a s e . H E n c e t h e  m o d e l  f i t t e r  a d j u s t ed h yd r a u l i c  
p a r ame t e r s  t o  d e s c r i be a m o d e l i n g s i tu a t i on d i f f e r e n t t h a n  
t h e ac t u a l f i e l d s i t u a t i o n . T h e d i s pa r i t y i n  h yd r au l i c  
p a r a m e t e r s  b e t w e e n  t h e  l ab o r a t o r y  r e s u l t s  and t h e  f i t t e d  
s o l u t i o n i s  a t  l e a s t  i n  
t h e  f i e l d s i t u a t i o n 
p a r t  du e t o  t h e  d i s pa r i t y  b e t we e n  
a n d  t h e  m o d e l i n g  o f  t h e  f i e l d  
s i t u a t i o n . Th e d e g r e e  o f  a g r e e m e n t  b e t w e e n  m o de l - f i t t e d 
r e s u l t s a n d  c o n v e n t i o n a l m e a � u r em e n t s  d e p e n d s  o n  t h e  
a b i l i t y o f  t h e  r e s e a r c h e r  t o  d e s i g n a n  expe r i m e n t  a s  
s i m i l a r  a s  p o s s i b l e t o  t h e  s i m u l a t i o n . I n  t h i s  c a s e , t h e  
l 't 0 
s i m i l a r i t y · b e t w e e n  t h e  l y s i m e t e r  a n d  a s ub i r r i g a t e d f i e l d  
a s  d e s c r i b e d  b y  D R A I N�OD w a s  g r e a t e s t f a r t h e s t  f r o m  t h e  
d r a i n  l i n e , a n d  t h e  m o d e l  r e p r e s e n t a t i o n o f  t h e  f i e l d  
s i t u a t i o n b e c a m e  i n a c c u r a t e  n e a r  t h e  d r a i n  l i n e , d u e  t o  
i n c o r r e c t d r a i n  l i n e p l a c e m e n t  i n  t h e  s i mu l a t i o n s . T h e 
m o r e  c l o s e l y  t h e  m o d e l a p p r o x i ma t e s  t h e  p h y s i c a l  s i t u a t i o n 
b e i n g m o d e l e d , t h e  m o r e  a c c u r a t e  s h o u l d  b e  t h e  r e s u l t s . 
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s a t u r a t e d  s o i l s . T r a n s a c t i on s  o f  t h e  ASAE , 7 ( 1 ) : 8 2 - 8 7 , 
9 1 .  
S t e e l , R .  G .  D .  and J .  H .  T e r r i e .  1 9 8 0 . PR I N C I PL E S  
A�D PROCEDURES OF S TAT I S T I C S . McGraw - H i l l , N e w  Y o rk . pp . 
1 3 7 - 1 3 9 , 5 7 2 - 5 7 5 . 
T r o o i e n ,  T .  P . , A .  R .  B en d e r , J .  H .  B i s c h o f f  a n d  C .  
G .  C a r l s o n . 1 9 8 5 . T h e  t r an s i ome t e r : an a l t e r na t i ve 
m e t h od o f  s o i l m o i s t u r e  m e a s u r eme n t  i n  s l ow l y  pe rme ab l e  
s o i l s . I n t e r i m  R e po r t  f o r  P r o j e c t  E n t i t l ed : T r a n s po r t  o f  
Sa l t  b y  Le a c h i ng Wa t e r  i n  G l a c i a l  T i l l  Ma t e r i a l s , Wa t e r  
R e s o u r c e s  I n s t i t u t e , S o u th D ak o t a S t a t e  Un i v e r s i t y ,  
B r o o k i n g s , S D  5 7 0 0 7 . 
V a n  B a v e l , C . H . M .  a nd D .  K i r k h am . 1 9 4 9 . 
m e a s u r e me n t o f  s o i l  p e r me a b i l i t y u s i ng a ug e r  h o l e s . 
S c i . S o c . Am . P r o c . 1 3 : 9 0 - 9 6 . 
1 1 5  
F i e l d 
S o i l  
V a n  G e n u c h t e n , M .  T h . 1 9 8 0 . A c l o s ed- f 6 rm e qu a t i o n 
f o r  p r e d i c t i ng t h e  h yd ra u l i c  c o nduc t i v i t y o f  u n s a t u r a t e d 
s o i l s . S o i l S c i . S o c . Am . J .  4 4 : 8 9 2 - 8 9 8 . 
Z a c h m a n n , D .  W . , P .  C .  D u C h a t e au . a nd A .  K l u t e . 1 9 8 1 . 
T h e  c a l i b ra t i o n o f  t h e  R i c h a rd s  f l ow e qua t i o n f o r  a 
d r a i n i n g c o l umn b y  p a r am e t e r  i de n t i f i c a t i on . S o i l S c i . 
S o c . Am . J .  4 5 : 1 0 1 2 - 1 0 1 5 . 
Z a c hm a n n , D .  W . , P .  C. D u C h a t e a u and A .  K l u t e . 
S i mu l t an e o u s  a pp r o x i ma t i on o f  wa t e r  c a pac i t y and 
h yd r a u l i c  c o ndu c t i v i t y  b y  pa r ame t e r  i de n t i f i ca t i o n . 
S c i . 1 3 4 ( 3 ) : 1 5 7 - 1 6 3 . 
1 9 8 2 . 
s o i l  
S o i l  
1 . 1 6  
APPE�D I C E S  
1 1 7  
APPE ND I X  A :  
P o i n s e t t  S i l t  L o am S o i l  � a t e r  C h a r ac t e r i s t i c  
1 1 8  
Appe n d i x  A c o n t a i n s l a b o r a t o r y  · da t a  and s p r e ad s h e e t  
c a l c u l a t i o n s  f o r  t h e  s o i l  wa t e r c h arac t e r i s t i c  o f  t h e 
P o i n s e t t  s i l t  l o a m . An e x p l a n a t i o n  o f  t h e  n umb e r s u s ed 
f o l l ow s , u s i n g d a t a  f r o m S e t  1 ,  R u n  1 ,  S ubp l o t  5 ,  D e p t h  
1 2 2 e m  t o  1 5 2 e m  ( 4  f t  t o  0 f t )  a s  a n e x amp l e . T h e  d a t a 
i s  o n  t h e  L o t u s  1 - 2 - 3  ( r e l e a s e  2 )  wo rk s h e e t  f i l e  
H ( 0 ) D ATA . W£ 1 . 
( r e p l i c a t i o n s ) 
W e i g h t s  a r e i n  g r ams . Two r u n s  
w e r e  m a d e  o n  e a c h  s ampl e , a n d  t h r e e  we r e  
made t o  re p l a c e m i s s i n g p r e s s u r e s  i n  S e t 2 .  
" Ga g e  p r e s s u r e s '' ( e . g .  0 . 0 0 , 0 . 2 0 , e tc . ) a r e i n  
p o und s p e r  s q u a r e  i n c h  a i r p r e s s u r e  and i n  c o r r e s p ond i n g 
c e n t i m e t e r s o f  wa t e r ( e . g .  0 . 00 ,  2 1 . 3 7 ,  e t c . ) . " G r o s s  
s o i l w e i g h t s ' '  ( e . g .  6 2 . 5 0 ,  5 9 . 6 6 ,  e t c . ) i nc l ud e  s o i l , w a x  
r i n g , and f i l t e r  pa pe r we i g h t s . " T a r e  s o i l  w e i g h t s " ( e . g .  
2 6 . 2 6 ,  2 5 . 1 1 ,  
f o r  we i g h i n g .  
e t c . ) a r e  t h e  we i g h t s  o f  p l a s t i c l i d s  u s e d  
' ' t-i e t  s o i l we i g h t s ' '  ( e . g .  3 6 . 2 4 ,  3 4 . 5 5 ,  
e t c . ) a r e t h e  d i f f e re n c e s  b e t w e e n  g r o s s  and t a r e  we i g h t s . 
" W ax " we i g h t  ( e . g . 8 . 5 6 )  i s t h e  n e t  we i gh t  o f  t h e  wax r i ng 
u s ed t o  c o n t a i n  t h e  s o i l  s amp l e .  " We t  pape r " we i g h t  i s  
t h e  we t · we i gh t  o f  t h e  f i l t e r pa pe r  u s e d  t q  s uppo r t  t h e 
s o i l  s a mp l e .  T h i s  we i g h t  i n c l u d e s  t h e  we i g h t  o f  s o i l  wh i ch 
a dh e red t o  t h e  pap e r - - s om e t i me s  s ubs t an t i a l , b e c a us e s om e  
o f  th e s amp l e s ' s t ruc t u r e  w a s  l o s t i n  p e r f o rm i n g  t wo o r  
t hr e e  r e p l i c a t i o n s ( ru n s ) o f  t h e  t e s t . " Pape r " w e i g h t s  
( e . g .  3 . 5 3 , 2 . 0 0 ,  e t c . } a r e  e s t i ma t e d  f r om Campbe l l ' s  
( 1 9 7 6 ) e q u a t i o n f i t t e d  t o  da t a  po i n t s  f o r  a f i l t e r  p a p e r 
w e i g h e d  i n  t h e  l ab o r a t o r y  a t  s a t u r a t i on and s e v e r a l  
p r e s s u r e s  s t e p s . ,. W e t  s o  i l " we i g h t s ( e . g . 24 . 1 5 ,  2 3 . 9 9 ,  
e tc . ) a r e  t h e  r e s u l t  o f  s ub t r a c t i n g wax we i g h t s  a nd p a p e r 
w e i g h t s  f r om n e t  s o i l w e i g h t s . t ! D r y s o i l "  we i g h t  ( e . g .  
1 3 . 3 9 )  wa s ob t a i n e d  b y  o v e n  d r y i n g t h e s o i l  s amp l e s  f o r  a 
m i n i mum o f  2 4  h o u r s . ' � T h e t a !' v a l u e s · a r e g r a v i me t r i c  
mo i s t u r e  c o n t e n t s o b t a i n e d  b y  s ub t r ac t i ng o n e  ( 1 ) f r o m  t h e  
q u o t i e n t s  o f  we t s o i l  we i g h t s  d i v i d e d  b y  d r y  s o i l w e i gh t s . 
Ta b l e  A . l .  Po i n s e t t  s i l t  l o am s o i l  wa t e r  c h a rac t e r i s t i � . 
SET 1 , RUN 1 .  S UB PLOT : 5 DRY S U I L  
DEPTH : 4 ' - 5 ' c 1 3 . 3 9 
PLATE : 1 
/ - - - - PRES S U RE - - - - - 1 - - - - - - - - SO I L WE I GHTS - - - - - -
P g a g e  P ac t .  Gr o s s  Tare Net PAPER WET S O I L  
ps i e m  ---- - --- : ---- - - - - : -- ------ : -------- : 
· ( Damaged by compre s s ed a i r . ) 
o . o o 0 . 0 0 6 2 . 5 0 
0 . 2 0 2 1 . 3 7 5 9 . 6 6 
0 . 6 0 4 9 . 4 9 5 9 . 3 0 
1 .  3 0  9 8 . 6 8 . 5 7 . 7 0 
2 . 0 0 1 4 7 . 8 8 5 8 . 4 9 
4 . 2 0 3 0 2 . 5 0 5 7 . 4 0 
7 . 0 0 4 9 9 . 2 9 5 6 . 7 8 
1 4 . 2 0 1 0 0 5 . 3 2 5 6 . 4 1  
4 3 . 5 0 3 0 6 3 . 3 8 5 5 . 7 9 
8 7 . 0 0 6 1 2 6 . 7 6 5 5 . 1 8  
2 3 7 . 00 1 6 6 9 0 . 1 3 4 9 . 8 2 
WAX = 
WET PAPER 
Tab l e  A . l .  ( c o n t i nued ) 
S ET 1 ,  RUN 2 .  S U B P LOT :  5 
2 6 . 2 6 
2 5 . 1 1 
2 5 . 1 1 
2 5 . 1 0 
2 5 . 1 1  
2 5 . 1 1 
2 5 . 1 1 
2 5 . 1 1  
2 5 . 0 3 
2 5 . 1 1 
2 5 . 1 0  
8 . 5 6 
3 . 5 3 
D E PTH : 4 ' - 5 ' C 
3 6 . 2 4 
3 4 . 5 5 
3 4 . 1 9  
3 2 . 6 0 
3 3 . 3 8 
3 2 . 2 9 
3 1 . 6 7 
3 1 . 3 0 
3 0 . 7 6 
3 0 . 0 7 
2 4 . 7 2 
P LATE : 1 
/ - - - - PRESSURE - - - - - 1 - - - - - - - - SO I L  W E I G HTS - - - - - -
3 . 5 3 
· 2 . 0 0 
1 .  9 0  
1 .  8 4  




1 .  7 0  
l .  6 4  
l .  5 6  
1 .  5 1  
1 .  4 4  
p g a g e  P ac t .  G r o s s  Tare N e t PAPER 
ps i em - - - --- - - : - - -- - - - - : - - - - - - - - : - - - - - - - - : 
( Damaged by c om p re s s ed a i r . ) 
o . o o o . o o 5 9 . 8 3 2 5 . 1 0 3 4 . 7 3 3 . 5 3 
0 . 2 0 2 1 . 3 7 ( M i s s i n g  da t a . ) 2 . 0 0 
0 . 6 0 4 9 . 4 9 5 4 . 6 2 2 5 . 1 0 2 9 . 5 2 1 .  9 0  
1 .  3 0  9 8 . 6 8 5 3 . 8 6 2 5 . 1 1 2 8 . 7 5 1 .  8 4  
2 4 . 1 5  
2 3 . 9 9 
2 3 . 7 3 
2 2 . 2 0 
2 3 . 0 2 
2 1 . 9 9 
2 1 . 4 1 
2 1 . 1 0  
2 0 . 6 4 
2 0 . 0 0 
1 4 . 7 2 
DRY SO l L  
1 3 . 3 9 
WET SU I L  
2 2 . 6 4 
- 1 0 . 5 6 
1 9 . 0 6 
1 8 . 3 5 
2 . 0 0 1 4 7 . 8 8 5 3 . 0 0 2 5 . 1 1  2 7 . 8 9 1 .  8 0 , 1 7 . 5 3 
4 . 2 0 3 0 2 . 5 0 5 1 . 8 2 2 5 . 1 1 2 6 . 7 1  1 .  7 4  1 6 . 4 1 
7 . 0 0 4 9 9 . 2 9 5 1 . 4 1  2 5 . 1 1  2 6 . 3 0 1 .  7 0  1 6 . 0 4 
1 4 . 2 0 1 0 0 5 . 3 2 5 1 . 0 2 2 5 . 1 1  2 5 . 9 1  1 .  6 4  1 5 . 7 1  
4 3 . 5 0 3 0 6 4 . 5 7 5 0 . 7 2 2 5 . 1 0  2 5 . 6 2 1 .  5 6  1 5 . 5 0 
8 7 . 0 0 6 1 2 1 . 8 2 5 0 . 0 1  2 5 . 1 1 2 4 . 9 0 l .  5 1  1 4 . 8 3 
2 1 8 . 0 0 1 5 3 2 8 . 7 2 4 9 . 6 8 2 5 . 1 1  2 4 . 5 7 1 .  4 5  1 4 . 5 6 
WAX = 8 . 5 6 
WET PAPER 3 . 5 3 
1 2 0 
T H E TA 
0 . 8 0 
0 . 7 9 
0 . 7 7 
0 . 6 6 
0 . 7 2 
0 . 6 4 
0 . 6 0 
0 . 5 8 
0 . 5 4 
0 . 4 9 
0 .  1 0  
TH ETA 
0 . 6 9 
- 1 . 7 9 
. o .  4 2  
0 . 3 7 
0 . 3 1 
0 . 2 3 
0 . 2 0 
0 .  1 7  
0 .  1 6  
0 .  1 1  
0 . 0 9 
Tab l e  A .  1 .  ( c o n t i nued ) 
S ET 1 ,  RUN 1 .  SUBPLOT :  
DEPTH : 
PLATE : 
3 0  
4 ' - 5 ' 
1 
/ - - - -PRESSURE --- - - 1 -- - - -- - - S O I L 
P gage P ac t .  Gro s s  Tare 
A 
WE I G HTS - - - - - -
N e t  PAPER 
ps i  e m  · - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 
0 . 2 0 2 1 . 3 7 
0 . 6 0 4 9 . 4 9 
1 .  3 0  98 . 6 8 
2 . 0 0 1 4 7 . 8 8 
4 . 2 0 3 0 2 . 5 0 
7 . 0 0 4 9 9 . 2 9 
1 4 . 2 0 1 0 0 5 . 3 2 
4 3 . 5 0 3 0 6 3 . 3 8 
8 7 . 0 0 6 1 2 6 . 7 6 
2 3 7 . 0 0 1 6 6 9 0 . 1 3 
Tab l e  A . 1 .  ( c o n t i nued ) 
6 3 . 5 0 
6 2 . 0 9 
6 1 . 6 2 
6 1 . 0 9 
6 0 . 8 8 
6 0 . 4 0 
6 0 . 1 0 
5 9 . 2 9 
5 9 . 2 8 
5 8 . 4 4 
5 7 . 7 0 
S ET 1 , RUN 2 .  SUBPLOT : 3 0  
DEPTH : 4 ' - 5 ' 
PLATE : 1 
2 6 . 2 6 3 7 . 2 4 " 2 . 7 1  
2 6 . 2 8 3 5 . 8 1  1 .  5 4  
2 6 . 2 7 3 5 . 3 5 1 .  4 6  
2 6 . 2 6 3 4 . 8 3 1 . 4 t 
2 6 . 2 6 3 4 . 6 2 1 .  3 8 
2 6 . 2 6 3 4 . 1 4  1 .  3 4  
2 6 . 2 4 3 3 . 8 6 1 .  3 0  
2 6 . 2 6 3 3 . 0 3 l .  2 6  
2 6 . 1 9 3 3 . 0 9 1 .  2 0  
2 6 . 2 8 3 2 . 1 6 1 . 1 6 
2 6 . 2 6 3 1 . 4 4 1 .  1 1  
6 . 7 4 
2 . 7 1  
A 
WE I GHTS - - - - - -
2 1 . 2 3 
WET SO I L 
2 7 . 7 9 
2 7 . 5 3 
2 7 . 1 5 
2 6 . 6 8 
2 6 . 5 0 
2 6 . 0 6 
2 5 . 8 2 
2 5 . 0 3 
2 5 . 1 5  
2 4 . 2 6 
2 3 . 5 9 
2 1 . 2 3 
/ - - - - PRESSURE - - - - - 1 - - - - - - - -S O I L 
P gage P ac t . Gro s s  Tare N e t  PAPER WET SO I L  
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - -- - : 
o . o o o . o o 6 6 . 5 1 2 6 . 2 7 4 0 . 2 4 2 . 7 1 3 0 . 7 9 
0 . 2 0 2 1 . 3 7 6 2 . 9 0 2 6 . 2 6 3 6 . 6 4 1 .  5 4  2 8 . 3 6 
0 . 6 0 4 9 . 4 9 6 2 . 2 2 2 6 . 2 7 3 5 . 9 5 1 .  4 6  2 7 . 7 5 
1 .  3 0  9 8 . 6 8 6 1 . 7 7 2 6 . 2 8 3 5 . 4 9 1 .  4 1  2 7 . 3 4 
2 . 0 0 1 4 7 . 8 8 6 1 . 3 2 2 6 . 2 7 3 5 . 0 5 1 .  3 8  2 6 . 9 3 
4 . 2 0 3 0 2 . 5 0 6 0 . 5 7  2 6 . 2 7 3 4 . 3 0 1 .  3 4  2 6 . 2 2 
7 . 0 0 4 9 9 . 2 9 6 0 . 1 2 2 6 . 2 7 3 3 . 8 5 1 .  3 0  2 5 . 8 1  
1 4 . 2 0 1 0 0 5 . 3 2 5 9 . 6 2 2 6 . 2 8 3 3 . 3 4 1 .  2 6  2 5 . 3 4 
4 3 . 5 0 3 0 6 4 . 5 7 5 9 . 4 2  2 6 . 2 6 3 3 . 1 6  1 .  2 0  2 5 . 2 2 
8 7 . 0 0 6 1 2 1 . 8 2 5 8 . 3 2 2 6 . 2 8 3 2 . 0 4 1 .  1 6  2 4  .
·
1 4  
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 7 . 5 1 2 6 . 2 8 3 1 . 2 3 1 .  1 1  2 3 . 3 8 
6 . 7 4 
2 . 7 1  
1 2 1  
THETA 
0 . 3 1  
0 . 3 0 
0 . 2 8 
0 . 2 6 
0 . 2 5 
0 . 2 3 
0 . 2 2 
0 . 1 8 
0 . 1 8  
0 . 1 4 
0 . 1 1  
TH ETA 
0 . 4 5 
0 . 3 4 
o . : n 
0 . 2 9 
0 . 2 7 
0 . 2 4 
0 . 2 2 
0 .  1 9  
0 .  1 9  
0 .  1 4  
0 . 1 0 
Tab l e  A . 1 .  ( c o n t i n ued ) 
S ET 1 ,  RUN 1 .  S U B P LOT : 
DEPTH : 
P LATE : 
4 7  
4 ' - 5 '  
2 
/ - - - - PRESSURE- - - - - 1 - - - - - - - - SO I L 
P 1age P ac t . G ro s s  Tare 
B 
WE I GHTS - - - - - -
N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - � - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 6 4 . 0 1  
0 . 2 0 2 1 . 3 7 6 1 . 8 8 
0 . 6 0 4 9 . 4 9 6 1 . 5 3 
1 .  3 0  9 8 . 6 8 6 1 . 0 6 
2 . 0 0 1 4 7 . 8 8 6 0 . 8 5 
4 . 2 0 3 0 2 . 5 0 6 0 . 4 0 
7 . 00 4 9 9 . 2 9 6 0 . 0 8 
1 4 . 2 0 1 0 0 5 . 3 2 5 9 . 1 9 
4 3 . 5 0 3 0 6 3 . 3 8 5 9 . 1 3 
8 7 . 00 6 1 2 6 . 7 6 5 8 . 3 9 
2 3 7 . 0 0 1 6 6 9 0 . 1 3  5 7 . 8 9 
Tab l e  A . 1 .  ( c o n t i nued ) 
S ET 1 ,  RU N  2 .  S UB PLOT : 
DEPTH : 
P LATE : 
2 6 . 2 6 3 7 . 7 5 
2 5 . 1 1 3 6 . 7 7 
2 5 . 1 0 3 6 . 4 3  
2 5 . 1 0 3 5 . 9 6 
2 5 . 1 1 3 5 . 7 4 
2 5 . 1 1 3 5 . 2 9 
2 5 . 1 0 3 4 . 9 8 
2 5 . 1 1 3 4 . 0 8 
2 5 . 0 4 3 4 . 0 9 
2 5 . 1 1  3 3 . 2 8 
2 5 . 1 0  3 2 . 7 9 
7 .  1 1  
2 . 9 0 
4 7  " 
4 ' - 5 '  B 
2 
/ - - - - PRES S UR E- - - - - 1 - - - - - - - - SO I L  W E I GHTS - - - - - -
P gage P ac t .  G r o s s  Ta re N e t  
2 . 9 0  
1 . 6 5 
. 1 .  5 6  
1 .  5 1  
1 .  4 8  
1 .  4 3  
1 .  4 0  
i . 3 5  
1 .  2 8  
1 .  2 4  
1 . 1 9 
PAPER 
2 2 . 4 1  
WET SOI L  
2 7 . 7 4 
2 8 . 0 1 
2 7 . 7 6 
2 7 . 3 4 
2 7 . 1 5  
2 6 . 7 5 
2 6 . 4 7 
2 5 . 6 2 
2 5 . 7 0 
2 4 . 9 3 
2 4 . 4 9 
2 2 . 4 1  
W ET SO I L  
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - :  
0 . 0 0 0 . 0 0 6 6 . 7 9 2 5 . 1 1 4 1 . 6 8 2 . 9 0 3 1 . 6 7 
0 . 2 0 2 1 . 3 7 6 2 . 4 9 2 5 . 1 0 3 7 . 3 9 1 .  6 5  2 8 . 6 3  
0 . 6 0 4 9 . 4 9 . 6 1 . 8 9 2 5 . 1 1 3 6 . 7 8 1 .  5 6  2 8 . 1 1 
1 .  3 0  9 8 . 6 8 6 1 . 4 3 2 5 . 1 1 3 6 . 3 2 1 .  5 1  2 7 . 7 0 
2 . 0 0 1 4 7 . 8 8 6 1 . 0 1  2 5 . 1 1  3 5 . 9 0 1 .  4 8  2 7 . 3 1  
4 . 2 0 3 0 2 . 5 0 6 0 . 3 6 2 5 . 1 1 3 5 . 2 5 1 .  4 3  2 6 . 7 1 
7 . 0 0  4 9 9 . 2 9 5 9 . 9 1 2 5 . 1 0  3 4 . 8 1 1 .  4 0  2 6 . 3 0 
1 4 . 2 0 1 0 0 5 . 3 2 5 9 . 4 9 2 5 . 1 1  3 4 . 3 8 1 .  3 5  2 5 . 9 2 
4 3 . 5 0 3 0 6 4 . 5 7 5 9 . 1 8 2 5 . 1 0 3 4 . 0 8 1 .  2 8  2 5 . 6 9 
8 7 . 0 0 6 1 2 1 . 8 2 5 8 . 2 8 2 5 . 1 1  3 3 . 1 7  1 .  2 4 2 4 . 8 2 
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 7 . 5 0 2 5 . 1 0  3 2 . 4 0 1 . 1 9 2 4 . 1 0 
7 .  1 1  
2 . 9 0 
THETA 
0 . 2 4 
0 . 2 5 
0 . 2 4 
0 . 2 2 
0 . 2 1 
0 . 1 9  
0 . 1 8 
0 . 1 4 
0 .  1 5  
0 .  1 1  
0 . 0 9 
THETA 
0 . 4 1  
0 . 2 8 
0 . 2 5 
0 . 2 4 
0 . 2 2 
0 . 1 9 I 
0 . 1 7  
0 .  1 6  
0 . 1 5  
0 . 1 1  
0 . 0 8 
Tab l e  A . 1 .  ( c on t i n u e d ) 
SET 1 ,  RUN 2 .  S UB PLOT : 3 7  
D E PTH : 4 ' - 5 ' B 
PLATE : 2 
/ - - - - PRE S S URE- - - - - 1 - - - - - - - - S O I L WE I GHTS - - - - - -
P gage P ac t .  Gro s s  Tare N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o O ; O O 6 5 . 3 2 
0 . 2 0 2 1 . 3 7 6 1 . 5 1  
0 . 6 0 4 9 . 4 9 6 0 . 5 7 
1 .  3 0  9 8 . 6 8 5 9 . 9 2 
2 . 0 0 1 4 7 . 8 8 5 9 . 3 9 
4 . 2 0 3 0 2 . 5 0 5 8 . 5 9 
7 . 0 0 4 9 9 . 2 9 5 8 . 1 0  
1 4 . 2 0 1 0 0 5 . 3 2 5 7 . 7 9 
4 3 . 5 0 3 0 6 4 . 5 7 5 7 . 4 7 
8 7 . 0 0 6 1 2 1 . 8 2 5 6 . 9 1 
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 6 . 6 0 
Tab l e  A . 1 .  ( c on t i nued ) 
S ET 1 ,  RUN 1 .  S U B PLOT : 
2 6 . 2 7 
2 6 . 2 6 
2 6 . 2 6 
2 6 . 2 7 
2 6 . 2 8 
2 6 . 2 6 
2 6 . 2 5 
2 6 . 2 8 
2 6 . 2 5 
2 6 . 2 8 
2 6 . 2 5 
8 . 1 4 
3 . 9 2  
3 7  
D E PTH : 4 ' - 5 '  B 
PLATE : 2 
3 9 . 0 5 
3 5 . 2 5 
3 4 . 3 1 
3 3 . 6 5 
3 3 . 1 1  
� 2 . 3 3 
3 1 . 8 5 
3 1 . 5 1  
3 1 . 2 2 
3 0 . 6 3 
3 0 . 3 5 
/ - - - - PRESSURE - - - - - 1 - - - - - - - - S O I L W E I GHTS - - - - - -
P gage P act . G r o s s  Ta re N e t  
., 
3 . 9 2 
2 . 2 2 
2 .  1 1  
2 . 0 4 
. 2 .  0 0  
1 .  9 3  
1 .  8 9  
1 .  8 3  
1 .  7 3  
1 . 6 8  
1 .  6 1  
PAPER 
ps i em -- - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o o . o o 6 2 . 7 1  2 6 . 2 6 3 6 . 4 5 3 . 9 2 
0 . 2 0 2 1 . 3 7 6 1 . 8 8 2 6 . 2 8 3 5 . 6 0 2 . 2 2 
0 . 6. 0 4 9 . 4 9 6 1 . 4 1  2 6 . 2 6 3 5 . 1 5  2 .  1 1  
1 .  3 0  9 8 . 6 8 6 0 . 5 6 2 6 . 2 6 3 4 . 3 0 2 . 0 4 
2 . 0 0 1 4 7 . 8 8 6 0 . 1 2 2 6 . 2 6 3 3 . 8 6 2 . 0 0 
4 . 2 0 3 0 2 . 5 0 5 9 . 2 9 2 6 . 2 6 3 3 . 0 3 1 .  9 3  
7 . 0 0 4 9 9 . 2 9 5 8 . 8 4 2 6 . 2 6 3 2 . 5 8 1 .  8 9  
1 4 . 2 0 1 0 0 5 . 3 2 5 8 . 3 9 2 6 . 2 6 3 2 . 1 3  1 .  8 3  
4 3 . 5 0 3 0 6 3 . 3 8 5 7 . 9 3 2 6 . 1 9 3 1 . 7 4 1 .  7 3  
8 7 . 0 0 6 1 2 6 . 7 6 5 7 . 6 6 2 6 . 2 7 3 1 . 3 9 1 .  6 8  
2 3 7 . 0 0 1 6 6 9 0 . 1 3 5 7 . 5 2 2 6 . 2 6 3 1 . 2 6 1 .  6 0  
8 .  1 4  
3 . 9 2 
1 2 J 
1 9 . 9 3 
WET SO I L  TH ETA 
2 6 . 9 9 0 . 3 5 
2 4 . 8 9 0 . 2 5 
2 4 . 0 6 0 . 2 1 
2 3 . 4 7 0 . 1 8  
2 2 . 9 7 0 .  1 5  
2 2 . 2 6 0 . 1 2  
2 1 . 8 2 0 . 1 0 
2 1 . 5 4 0 . 0 8 
2 1 . 3 5 0 . 0 7 
2 0 . 8 1  0 . 0 4 
2 0 . 6 0 0 . 0 3 
1 9 . 9 3 
\¥ ET SO I L  THETA 
2 4 . 3 9 0 . 2 2 
2 5 . 2 4 0 . 2 7 
2 4 . 9 0 0 . 2 5 
2 4 . 1 2 0 . 2 1 
2 3 . 7 2 0 . 1 9 
2 2 . 9 6 0 .  1 5  
2 2 . 5 5 0 .  1 3  
2 2 . 1 6 0 .  1 1  
2 1 . 8 7 0 .  1 0  j 
2 1 . 5 7  0 . 0 8 
2 1 . 5 2 0 . 0 8 
Tab l e  A ., 1 .  ( c o n t i n ued ) 
S ET 1 , RUN 1 .  S UB PLOT : . 1 
DEPTH : 4 ' - 5 '  B 
PLATE : 3 
/ - --- PRESSURE- - - - - 1 - - - -- - - - S O I L  WE I GHTS - - - - - -
P gage P act . Gro s s Tare N e t  PAPER 
p s i  em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 o . o o 6 2 . 0 9 
0 . 2 0 2 1 . 3 7 6 0 . 2 8  
0 . 6 0 4 9 . 4 9 5 9 . 9 1  
1 .  3 0  9 8 . 6 8 5 9 . 4 2 
2 . 0 0 1 4 7 . 8 8 5 9 . 2 2 
4 . 2 0 3 0 2 . 5 0 5 8 . 3 6 
7 . 0 0 4 9 9 . 2 9 5 7 . 5 6 
1 4 . 2 0 1 0 0 5 . 3 2 5 6 . 8 1  
4 3 . 5 0 3 0 6 3 . 3 8 5 6 . 4 7 
8 7 . 0 0 6 1 2 6 . 7 6 5 5 . 5 3 
2 3 7 . 0 0 1 6 6 9 0 . 1 3  5 4 . 9 8 
Tab l e  A . 1 .  ( c o n t i n ued ) 
S ET 1 , RU N  2 .  S UB PLOT : 
DEPTH : 
PLATE : 
2 6 . 2 6 3 5 . 8 3 
2 5 . 1 1 3 5 . 1 7 
2 5 . 1 1 3 4 . 8 0 
2 5 . 1 1  3 4 . 3 1 
2 5 . 1 0  3 4 . 1 2  
2 5 . 1 0 3 3 . 2 6 
2 5 . 1 0 3 2 . 4 6 
2 5 . 1 0 3 1 . 7 1  
2 5 . 0 4 3 1 . 4 3 
2 5 . 1 1 3 0 . 4 2 
2 5 . 1 1 2 9 . 8 7 
7 . 9 8 
5 . 8 0 
4 ' - 5 '  B 
3 
/ - - - - PRES S URE - - - - - 1 - - - - -- - - S O I L W E I GHTS - - - - - -
P gage P ac t .  Gro s s  Tare N e t  
5 . 4 9 
3 . 1 2  
2 . 9 6 
2 . 8 6  
2 . 8 0 
2 . 7 1  
2 . 6 4 
2 . 5 6 
2 . 4 3 
2 . 3 5 
2 . 2 4 
PAPER 
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - -- - - - : 
1 6 . 9 4 
WET S O I L 
2 2 . 3 6 
2 4 . 0 7 
2 3 . 8 6 
2 3 . 4 7 
2 3 . 3 4 
2 2 . 5 7 
2 1 . 8 4 
2 1 .  1 7  
2 1 . 0 2 
2 0 . 0 9 
1 9 . 6 5 
1 6 . 9 4 
W ET SO I L  
( New f i l t e r  pape r added a t  5 8 . 5 9 .  D r y  W t . :  
o �- o o  o . o o 6 2 . 7 0 2 5 . 1 0 3 7 . 6 0 5 . 4 9 2 4 . 1 3 
0 . 2 0 2 1 . 3 7 5 9 . 5 0 2 5 . 1 0  3 4 . 4 0 3 . 1 2 2 3 . 3 0 
0 . 6 0 4 9 . 4 9 5 8 . 2 0 2 5 . 1 0  3 3 . 1 0 2 . 9 6 2 2 . 1 6  
1 .  3 0  9 8 . 6 8 5 8 . 5 9 2 5 . 1 0  3 3 . 4 9 3 . 0 2 2 2 . 4 9 
2 . 0 0 1 4 7 . 8 8 5 8 . 1 9 2 5 . 0 9 3 3 . 1 0  2 . 9 6 2 2 . 1 6 
4 . 2 0 3 0 2 . 5 0 5 7 . 0 3 2 5 . 1 0  3 1 . 9 3 2 . 8 6 2 1 . 0 9 
7 . 0 0 4 9 9 . 2 9 5 6 . 2 9 2 5 . 1 1 3 1 . 1 8  2 . 7 9 2 0 . 4 1  
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 5 9 2 5 . 1 1  3 0 . 4 8 2 . 7 0 1 9 . 8 0 
4 3 . 5 0 3 0 6 4 . 5 7 5 5 . 4 8 2 5 . 1 0  3 0 . 3 8 2 . 5 6 1 9 . 8 4 
8 7· . o o 6 1 2 1 . 8 2 5 4 . 1 8 2 5 . 1 1  2 9 . 0 7 2 .  4 8  1 8 . 6 1  
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 3 . 6 7 2 5 . 1 0  2 8 . 5 7  2 . ·3 8  1 8 . 2 1 
7 . 9 8 
5 . 8 0 
1 2 -! 
THETA 
0 . 3 2 
0 . 4 2 
0 . 4 1  
0 . 3 9 
0 . 3 8 
0 . 3 3 
0 . 2 9 
0 . 2 5 
0 . 2 4 
0 . 1 9 
0 . 1 6  
THETA 
. 3 1  g . ) 
0 . 4 2 
0 . 3 8 
0 . 3 1  
0 . 3 3 
0 . 3 1  
0 . 2 5 
0 . 2 0 
0 o 1 7  I 
0 .  1 7  
o . t o 
0 . 0 7 
Tab l e  A . 1 .  ( con t i nued ) 
S ET 1 ,  RUN 1 .  S UBPLOT : 4 7  
D E PTH : 6 ' - 7 '  B 2 0 . 6 1  
PLATE : 3 
/ ---- PRE S S URE - - - - - 1 - - - - - - - -SO I L WE I GHTS - - - - - -
P i a g e  P ac t .  G ro s s  Tare N e t PAPER WET SO I L 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 6 1 . 8 0 
0 . 2 0 2 1 . 3 7 6 1 . 0 9 
0 . 6 0 4 9 . 4 9 6 0 . 5 9 
1 .  3 Q  9 8 . 6 8 6 0 . 1 2  
2 . 0 0 1 4 7 . 8 8 5 9 . 9 1  
4 . 2 0 30 2 . 5 0 5 9 . 2 9 
7 . 0 0 4 9 9 . 2 9 5 8 . 8 0 
1 4 . 2 0 1 0 0 5 . 3 2 5 8 . 2 0 
4 3 . 5 0 3 0 6 3 . 3 8 5 7 . 6 0 
8 7 . 0 0 6 1 2 6 . 7 6 5 7 . 0 9 
2 3 7 . 0 0 1 6 6 9 0 . 1 3 5 6 . 7 1  
Ta b l e  A . l .  ( c o n t i nued ) 
SET 1 '  RUN 2 .  SUBPLOT : 4 7  
DEPTH : 6 ' - 7 '  
PLATE : 3 
2 6 . 2 8 3 5 . 5 2 
2 6 . 2 6 3 4 . 8 3 
2 6 . 2 7 3 4 . 3 2 
2 6 . 2 4 3 3 . 8 8 
2 6 . 2 4 3 3 . 6 7 
2 6 . 2 5 3 3 . 0 4 
2 6 . 2 6 3 2 . 5 4 
2 6 . 2 4 3 1 . 9 6 
2 6 . 1 9 3 1 . 4 1  
2 6 . 2 7 3 0 . 8 2 
2 6 . 2 5 3 0 . 4 6 
7 . 8 5  
. 2 .  5 3  
B 
/ - - - - PRE S S URE - - - - - 1 - - - - - - - - SO I L  W E I G HTS - - - - - -
P gage P ac t .  G ro s s  Tare N e t 
2 . 5 3 
1 .  4 4  
· 1 . 3 6 
1 .  3 2  
1 .  2 9  
1 .  2 5  
1 .  2 2  
1 .  1 8  
1 .  1 2  
1 .  0 8  
1 .  0 3  
PAP E H  
ps i o m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - :  
0 . 0 0 0 . 0 0 6 6 . 6 0 2 6 . 2 7 4 0 . 3 3 2 . 5 3 
0 . 2 0 2 1 . 3 7 6 2 . 3 6 2 6 . 2 5 3 6 . 1 1 1 .  4 4  
0 . 6 0 4 9 . 4 9 6 1 . 2 0 2 6 . 2 5 3 4 . 9 5 1 .  3 6  
1 .  3 0  9 8 . 6 8 6 0 . 6 1  2 6 . 2 5 3 4 . 3 6 1 .  3 2  
2 . 0 0 1 4 7 . 8 8 6 0 . 0 8 2 6 . 2 2 3 3 . 8 6 1 .  2 9  
4 . 2 0 3 0 2 . 5 0 5 9 . 0 8 2 6 . 2 6 3 2 . 8 2 1 .  2 5  
7 . 0 0 4 9 9 . 2 9 5 8 . 5 2 2 6 . 2 7 3 2 . 2 5 1 .  2 2  
1 4 . 2 0 1 0 0 5 . 3 2 5 8 . 1 1  2 6 . 2 8 3 1 . 8 3 1 .  1 8  
4 3
·
. 5 0  3 0 6 4 . 5 7 5 7 . 7 9 2 6 . 2 6 3 1 . 5 3 1 .  1 2  
8 7 . 0 0 6 1 2 1 . 8 2 5 7 . 0 0 2 6 . 2 6 30 . 7 4 l .  0 8  
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 6 . 6 3 2 6 . 2 3 3 0 . 4 0 l .  0 4  
7 . 8 5  
2 . 5 3 
2 5 . 1 4 
2 5 . 5 4 
2 5 . 1 1  
2 4 . 7 1  
2 4 . 5 3 
2 3 . 9 4 
2 3 . 4 7 
2 2 . 9 3 
2 2 . 4 4 
2 1 . 8 9 
2 1 . 5 8 
2 0 . 6 1  
WET S O I L 
2 9 . 9 5 
2 6 . 8,2 
2 5 . 7  4 " 
2 5 . 1 9  
2 4 . 7 2 
2 3 . 7 2 
2 3 . 1 8  
2 2 . 8 0 
2 2 . 5 6 
2 1 . 8 1 
2 1 . 5 1 
1 2  5 · 
THETA 
0 . 2 2 
0 . 2 4 
0 . 2 2 
0 . 2 0 
0 . 1 9 
0 . 1 6 
0 .  1 4  
0 .  1 1  
0 . 0 9 
0 . 0 6 
0 . 0 5 
TH ETA 
0 . 4 5 
0 . 3 0 
0 . 2 5 
0 . 2 2 
0 . 2 0 
0 .  1 5  
0 .  1 2  I 
0 .  1 1  
0 . 0 9 
0 . 0 6 
0 . 0 4 
Tab l e  A . 1 .  ( c o n t i n ued ) 
S ET 1 ' RU N 1 .  S UBPLOT : 
DEPTH : 
P LATE : 
3 7  
6 ' - 7 ' 
4 
/ - - - - PRE S S URE- - - - - 1 - - - - - - - - S O I L 
P g age P ac t .  · Gro s s  Tare 
B 2 3 . 7 4 
WE I GH T S - - - - - -
N e t  PAPER WET SO I L  
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o o . o o 6 4 . 4 1  
0 . 2 0 2 1 . 3 7 6 2 . 2 1  
0 . 6 0 4 9 . 4 9 6 1 . 9 9 
1 .  3 0  9 8 . 6 8 6 1 . 5 9 
2 . 0 0 1 4 7 . 8 8 6 1 . 3 9 
4 . 2 0 3 0 2 . 5 0 6 0 . 8 6 
7 . 0 0 4 9 9 . 2 9 6 0 . 4 6 
1 4 . 2 0 1 0 0 5 . 3 2 5 9 . 3 0 
4 3 . 5 0 3 0 6 3 . 3 8 5 9 . 2 0 
8 7 . 0 0 6 1 2 6 . 7 6 5 8 . 6 0 
2 3 7 . 0 0 1 6 6 9 0 . 1 3 5 8 . 2 2 
Tab l e  A .  1 .  ( c o n t i nued ) 
S ET 1 , RUN 2 .  S U BP LOT : 
2 6 . 2 6 
2 5 . 1 1  
2 5 . 1 1  
2 5 . 1 0  
2 5 . 1 0  
2 5 . 0 9 
2 5 . 1 1  
2 5 . 1 0  
2 5 . 0 5 
2 5 . 1 1  
2 5 . 1 1 
6 . 8 1  
2 � 9 8  
3 7  
D E PTH : 6 ' - 7 '  B 
PLATE : 4 
3 8 . i 5 
3 7 . 1 0  
3 6 . 8 8 
3 6 . 4 9 
3 6 . 2 9 
3 5 . 7 7 
3 5 . 3 5 
3 4  .. 2 0  
3 4 . 1 5 
3 3 . 4 9 
3 3 . 1 1  
/ - - - - PRES S URE - - - - - 1 - - - - - - - - SO I L W E I GHTS - - - - - -
P g a g e  P ac t .  G ro s s  Tare N e t  
2 . 9 8 
1 .  6 9  
1 .  6 1  
1 .·5 5 
1 .  5 2  
1 .  4 7  
1 . 4 3 
l .  3 9  
1 .  3 2  
1 .  2 8  
1 .  2 2  
PAPER 
p s i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 o . oo 6 6 . 8 1  2 5 . 1 1 4 1 . 7 0 2 . 9 8 
0 . 2 0 2 1 . 3 7 6 3 . 3 7 2 5 . 1 1 3 8 . 2 6 1 .  6 9  
0 . 6 0 4 9 . 4 9 6 2 . 6 6 2 5 . 1 0  3 7 . 5 6 1 .  6 1  
1 .  3 0  9 8 . 6 8 6 2 . 1 2 2 5 . 1 1 3 7 . 0 1  1 .  5 5  
2 . 0 0 1 4 7 . 8 8 6 1 . 5 2 2 5 . 1 1 3 6 . 4 1  1 .  5 2  
4 . 2 0 3 0 2 . 5 0 6 0 . 5 6  2 5 . 1 0 3 5 . 4 6 1 .  4 7  
7 . 0 0 4 9 9 . 2 9 5 9 . 9 8 2 5 . 1 0 3 4 . 8 8 1 .  4 3  
1 4 . 2 0 1 0 0 5 . 3 2 5 9 . 4 9 2 5 . 1 1 3 4 . 3 8 1 .  3 9  
4 3 . 5 0 3 0 6 4 . 5 7 5 9 . 1 4 2 5 . 1 0 3 4 . 0 4 1 .  3 2  
8 7 . 0 0 ' 6 1 2 1 . 8 2 5 8 . 5 1 2 5 . 1 0 3 3 . 4 1  1 .  2 8  
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 8 . 1 2 2 5 . 1 1 3 3 . 0 1  1 .  2 2  
6 . 8 1  
2 . 9 8 
2 8 . 3 6 
2 8 . 6 0 
2 8 . 4 6 
2 8 . 1 3  
2 7 . 9 6 
2 7 . 4 9 
2 7 . 1 1  
2 6 . 0 0 
2 6 . 0 2 
2 5 . 4 0 
2 5 . 0 8 
2 3 . 7 4 
W E T  S U l L  
3 1 . 9 1  
2 9 . 7 6 
2 9 . 1 4  
2 8 . 6 5 
2 8 . 0 8 
2 7 . 1 8 
2 6 . 6 4 
2 6 . 1 8 
2 5 . 9 1  
2 5 . 3 2 
2 4 . 9 8 
1 2 6  
THETA 
0 . 1 9 
0 . 2 0 
0 . 2 0 
0 . 1 8 
0 . 1 8 
0 .  1 6  
0 .  1 4  
0 .  1 0  
0 .  1 0  
0 . 0 7 
0 . 0 6 
THETA 
0 . 3 4 
0 . 2 5 
0 . 2 3 
0 . 2 1 
0 .  1 8  
0 .  1 4  
0 .  1 2  
0 .  1 0  
0 . 0 9 
0 . 0 7 
0 . 0 5 
Tab l e  A . 1 .  ( co n t i nued ) 




6 ' - 7 ' 
4 
/ - - - -PRESSURE ---�- 1 -- - - - - - - S O I L 
P gage P ac t . Gro s s  Tare 
B 
W E I GHTS - - - - - -
N e t  PAPER 
p s i  em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - · : 
0 . 0 0 o . o o 6 4 . 5 3 
0 . 2 0 2 1 . 3 7 6 3 . 6 1  
0 . 6 0 4 9 . 4 9 6 3 . 5 1  
1 .  3 0  9 8 . 6 8 6 3 . 2 0 
2 . 0 0 1 4 7 . 8 8 6 3 . 0 1 
4 . 2 0 3 0 2 . 5 0 6 2 . 6 9 
7 . 0 0 4 9 9 . 2 9 6 2 . 5 8 
1 4 . 2 0 1 0 0 5 . 3 2 6 2 . 3 0 
4 3 . 5 0 3 0 6 3 . 3 8 6 1 . 8 8 
8 7 . 0 0 6 1 2 6 . 7 6 6 1 . 5 8 
2 3 7 . 0 0 1 6 6 9 0 . 1 3 6 1 . 2 6 
Tab l e  A . l .  ( c o n t i nued ) 
SET 1 ' RUN 2 .  S UBPLOT :  
2 6 . 2 6 
2 6 . 2 5 
2 6 . 2 6 
2 6 . 2 4 
2 6 . 2 5 
2 6 . 2 3 
2 6 . 2 6 
2 6 . 2 5 
2 6 . 1 9 
2 6 . 2 7 
2 6 . 2 6 
7 . 2 3 
2 . 5 4 
DEPTH : 6 ' - 7 '  B 
PLATE : 4 
3 8 . 2 7 
3 7 . 3 6 
3 7 . 2 5 
3 6 . 9 6 
3 6 . 7 6 
3 6 . 4 6 
3 6 . 3 2 
3 6 . 0 5 
3 5 . 6 9 
3 5 . 3 1  
3 5 . 0 0 
/ - - - -PRESSURE - - - - - 1 - - - - - - - - S O I L WE I GHTS - - - - - -
P g a g e  P ac t .  Gros s Tare N e t  
2 . 5 4 
1 .  4 4  
1 ' . 3 7  
1 .  3 2  
1 .  3 0  
1 .  2 5  
1 .  2 2  
1 .  1 8  
1 .  1 2  
1 .  0 9  
1 . 0 4  
PAPER 
ps i em - - - � - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 6 7 . 8 0 2 6 . 2 6 4 1 . 5 4 2 . 5 4 
0 . 2 0 2 1 . 3 7 6 4 . 2 1 2 6 . 2 8 3 7 . 9 3 1 .  4 4  
0 . 6 0 4 9 . 4 9 6 3 . 7 0 2 6 . 2 4 3 7 . 4 6 1 .  3 7  
1 .  3 0  9 8 . 6 8 6 3 . 3 8 2 6 . 2 7 3 7 . 1 1  1 .  3 2  
2 . 0 0 1 4 7 . 8 8 6 3 . 0 8 2 6 . 2 8 3 6 . 8 0 1 .  3 0  
4 . 2 0 3 0 2 . 5 0 6 2 . 6 8 2 6 . 2 6 3 6 . 4 2 1 .  2 5  
7 . 0 0 4 9 9 . 2 9 6 2 . 4 4 2 6 . 2 4 3 6 . 2 0 1 .  2 2  
1 4 . 2 0 1 0 0 5 . 3 2 6 2 . 3 5 2 6 . 2 8 3 6 . 0 7 1 .  1 8  
4 3 . 5 0 3 0 6 4 . 5 7 6 1 . 6 4 2 6 . 2 5 3 5 . 3 9 1 .  1 2  
8 7 . 0 0 6 1 2 1 . 8 2 6 1 . 6 8 2 6 . 2 7 3 5 . 4 1  1 . 0 9  
2 1 8 . 0 0 1 5 3 2 8 . 7 2 6 1 . 2 1 2 6 . 2 8 3 4 . 9 3 1 . 0 4  
7 . 2 3 
2 . 5 4 
1 2  I · 
2 4 . 2 5 
WET SO I L THETA 
2 8 . 5 0 0 . 1 8 
2 8 . 6 9 0 . 1 8  
2 8 . 6 5 0 .  1 8  
2 8 . 4 1  0 .  1 7  
2 8 . 2 3 0 . 1 6 
2 7 . 9 8 0 .  1 5  
2 7 . 8 7 0 .  1 5  
2 7 . 6 4 0 . 1 4  
2 7 . 3 4 · 0 .  1 3  
2 6 . 9 9 0 .  1 1  
2 6 . 7 3 0 .  1 0  
2 4 . 2 5 
W ET S O I L THETA 
3 1 . 7 7 0 . 3 1 
2 9 . 2 6 0 . 2 1  
28 . 8 6 0 .  � 9  
28 . 5 6 0 . 1 8 
28 . 2 7 0 . 1 7  
27 . 9 4 0 .  1 5  
2 7 . 7 5 0 . 1 4  
2 7 . 6 6 0 .  1 4  
2 7 . 0 4 0 .  1 1  
2 7 . 0 9 0 .  1 2  
2 6 . 6 6 o .  i o  
Tab l e  A .  1 .  ( c ont i nued ) 




1 ' - 2 '  
5 
/ - - - -PRESSURE --- � - 1 - - - -- - - -S O I L 
P gage P ac t .  Gro s s  Tare 
B 
W E I GH T S - - - - - -
N e t  PAPER 
p s i  em - - - - - - - - : - - - - - - - - : - - - - - � - - : - � - - - - - - : 
0 . 0 0 o . o o 5 8 . 9 3 
0 . 2 0 2 1 . 3 7 5 6 . 2 3 
0 . 6 0 4 9 . 4 9 5 5 . 8 8 
1 .  3 0  9 8 . 6 8 5 5 . 3 6 
2 . 0 0 1 4 7 . 8 8 5 5 . 1 0 
4 . 2 0 3 0 2 . 5 0 5 4 . 5 9 
7 . 0 0 4 9 9 . 2 9 5 4 . 2 8 
1 4 . 2 0 1 0 0 5 . 3 2 5 3 . 9 1 
4 3 . 5 0 ·  3 0 6 3 . 3 8 5 3 . 5 1 
8 7 . 0 0 6 1 2 6 . 7 6 5 3 . 0 0 
2 3 7 . 0 0 1 6 6 9 0 . 1 3 5 2 . 4 9 
Tab l e  A . 1 .  ( co n t i n ued ) 
S ET 1 ,  RUN 2 .  S U BPLOT : 
DEPTH : 
P LATE : 
2 6 . 2 6 3 2 . 6 7 
2 5 . 1 1 3 1 . 1 2 
2 5 . 1 1 3 0 . 7 7  
2 5 . 1 1 3 0 . 2 5 
2 5 . 1 0  3 0 . 00 
2 5 . 1 0 2 9 . 4 9 
2 5 . 1 0 2 9 . 1 8  
2 5 . 1 1 2 8 . 8 0 
2 5 . 0 4 2 8 . 4 7 
2 5 . 1 1  2 7 . 8 9 
2 5 . 1 1  2 7 . 3 8 
7 . 4 6 
2 . 7 6 
5 
1 J - 2 I B 
5 
/ - - - - PR E S S U RE - - -- - 1 - - - - - - - - S O I L  W E I GHTS - - - - - -
P gage P ac t .  Gro s s  Tare N e t  
2 . 7 6 
1 .  5 7  
1 .  4 9  
1 .  4 4  
1 .  4 1  
1 .  3 6  
1 .  3 3  
1 . 2 9 
1 .  2 2  
1 . 1 8 
1 .  1 3  
PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - � - : 
0 . 0 0 o . o o 6 2 . 1 0  2 5 . 1 1 3 6 . 9 9 2 . 7 6 
0 . 2 0 2 1 . 3 7 5 7 . 7 5 2 5 . 1 0  3 2 . 6 5 1 .  5 7  
0 . 6 0 4 9 . 4 9 5 6 . 3 7 2 5 . 1 1 3 1 . 2 6 1 .  4 9  
1 .  3 0  9 8 . 6 8 5 5 . 7 0 2 5 . 1 1  3 0 . 5 9 1 . 4 4  
2 . 0 0 1 4 7 . 8 8 5 5 . 2 3 2 5 . 1 1 3 0 . 1 2  1 f 4 1  
4 . 2 0 3 0 2 . 5 0 5 4 . 6 0 2 5 . 1 1  2 9 . 4 9 1 .  3 6  
7 . 0 0 4 9 9 . 2 9 5 4 . 2 0 2 5 . 1 1 2 9 . 0 9 1 .  3 3  
1 4 . 2 0 1 0 0 5 . 3 2 5 3 . 9 9 2 5 . 1 1 2 8 . 8 8 1 .  2 9  
4 3 . 5 0 3 0 6 4 . 5 7 5 3 . 5 2 2 5 . 1 0 2 8 . 4 2 1 .  2 2  
8 7 . 0 0 6 1 2 1 . 8 2 5 2 . 8 2 2 5 . 1 0 2 7 . 7 2 1 . 1 8 
2 1 8 . 00 1 5 3 2 8 . 7 2 5 2 . 4 0 2 5 . 1 1  2 7 . 2 9 1 .  1 3  
7 . 4 6  
2 . 7 6 
1 2 8 · 
1 6 . 7 8 
WET SO I L  THETA 
2 2 . 4 5 0 . 3 4 
2 2 . 0 9 0 . 3 2 
2 1 . 8 2 0 . 3 0 
2 1 . 3 5 0 . 2 7 
2 1 . 1 3  0 . 2 6 
2 0 . 6 7 0 . 2 3 
2 0 . 3 9 0 . 2 2 
2 0 . 0 5 0 . 2 0 
1 9 . 7 9 0 .  1 8  
1 9 . 2 5 0 .  1 5  
1 8 . 7 9 0 .  1 2  
1 6 . 7 8 
WET SO I L  THETA 
2 6 . 7 7 0 . 6 0 
2 3 . 6 2 0 . 4 1 
2 2 . 3 1 0 . 3 3 
2 1 . 6 9 0 . 2 9 
2 1 . 2 5 0 . 2 7 
2 0 . 6 7 0 . 2 3 
2 0 . 3 0 0 . 2 1 
2 0 . 1 3 0 . 2 0 
1 9 . 7 4 0 . 1 8  
1 9 . 0 8 0 .  1 4  
1 8 . 7 0 0 . 1 1  
Tab l e A . l .  ( c o n t i nued ) 
SET 1 , RUN 1 .  S U BPLOT : 3 0  
DE PTH : 1 ' - 2 '  B 
PLATE : 5 
/ - - - - PRESSURE- - - - - 1 - - - -- - - - SO I L  W E I GHTS - - - - - -
P g a g e  P act . G r o s s  Ta re N e t  PAPER 
ps i CID - - - - - - - - : - - - - - - - - : - - - - - � - - : - - - - - - - - : 
0 . 0 0 o . o o 5 9 . 5 0 
0 . 2 0 2 1 . 3 7 5 8 . 6 1  
0 . 6 0 4 9 . 4 9 5 8 . 4 9 
1 .  3 0  9 8 . 6 8 5 8 . 0 7 
2 . 0 0 1 4 7 . 8 8 5 7 . 8 3 
4 . 2 0  3 0 2 . 5 0 5 7 . 2 1 
7 . 00 4 9 9 . 2 9 5 6 . 9 1  
1 4 . 2 0 1 0 0 5 . 3 2 5 6 . 6 0 
4 3 . 5 0 3 0 6 3 . 3 8 5 6 . 0 8 
8 7 . 0 0 6 1 2 6 . 7 6 5 6 . 6 1  
2 3 7 . 0 0 1 6 6 9 0 . 1 3  5 4 . 9 0 
Ta b l e  A . 1 .  ( c on t i nued ) 
S E T  1 ;  RUN 2 .  S UBPLOT : 
DEPTH : 
2 6 . 2 6 
2 6 . 2 6 
2 6 . 2 6 
2 6 . 2 7 
2 6 . 2 6 
2 6 . 2 4 
2 6 . 2 5 
2 6 . 2 6 
2 6 . 1 9 
2 6 . 2 8 
2 6 . 2 6 
7 . 2 8 
2 . 8 1 
3 0  
1 , - 2 , B 
PLATE : ·  5 
3 3 . 2 4 
3 2 . 3 5 
3 2 . 2 3 
3 1 . 8 0 
3 1 . 5 7 
3 0 . 9 7 
3 0 . 6 6 
3 0 . 3 4 
2 9 . 8 9 
3 0 . 3 3 
2 8 . 6 4 
/- --- PRE S S URE ----- 1 - - - - - - - - S O I L  WE I GHTS - - - - - -
P gage P ac t .  Gro s s  Ta re N e t 
2 . 8 1  
1 ·. 5 9  
1 . 5 2 
1 .  4 6  
1 .  4 3  
1 .  3 8  
1 .  3 5  
1 .  3 1  
1 .  2 4  
1 .  2 0  
1 . 1 5 
PAPER 
ps i C ID  - - - - - - - - : - - - - - - - - : - - - - - - - - : -- - -- - - - : 
0 . 0 0 0 . 0 0 6 4 . 9 9 2 6 . 2 7 3 8 . 7 2 2 . 8 1  
0 . 2 0 2 1 . 3 7 5 9 . 9 8 2 6 . 2 6 3 3 . 7 2 1 .  5 9  
0 . 6 0 4 9 . 4 9 5 8 . 8 9 2 6 . 2 6 3 2 . 6 3 1 .  5 2  
1 .  3 0  9 8 . 6 8 5 8 . 2 9 2 6 . 2 5 3 2 . 0 4 1 .  4 6  
2 . 0 0 1 4 7 . 8 8 5 7 . 8 2 2 6 . 2 8 3 1 . 5 4 1 .  4 3  
4 . 2 0 3 0 2 . 5 0 5 7 . 1 7 2 6 . 2 7 3 0 . 9 0 1 .  3 8  
7 . 0 0 4 9 9 . 2 9 5 6 . 7 8 2 6 . 2 6 3 0 . 5 2 1 .  3 5  
1 4 . 2 0 1 0 0 5 . 3 2 5 6 . 5 1 2 6 . 2 8 3 0 . 2 3 1 .  3 1  
4 3 . 5 0 3 0 6 4 . 5 7 5 6 . 1 3 2 6 . 2 4 2 9 . 8 9 1 .  2 4  
8 7 . 0 0 6 1 2 1 . 8 2 5 5 . 5 0 2 6 . 2 7 2 9 . 2 3 1 .  2 0  
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 4 . 9 1  2 6 . 2 8 2 8 . 6 3 1 .  1 5  
7 . 2 8 
2 . 8 1  
1 2 9 " 
1 7 . 7 9 
WET SO I L  THETA 
2 3 . 1 5 0 . 3 0 
2 3 . 4 8 0 . 3 2 
2 3 . 4 3 0 . 3 2 
2 3 . 0 6 0 . 3 0 
2 2 . 8 6 0 . 2 8 
2 2 . 3 1 0 . 2 5 
2 2 . 0 3 0 . 2 4 
2 1 . 7 5 0 . 2 2 
2 1 . 3 7 0 . 2 0 
2 1 . 8 5 0 . 2 3 
2 0 . 2 1  0 .  1 4  
1 7 . 7 9 
WET SO I L  TH ETA 
2 8 . 6 3 0 . 6 1  
2 4 . 8 5 0 . 4 0 
2 3 . 8 3 0 . 3 4 
2 3 . 3 0 0 . 3 1  
2 2 . 8 3 0 . 2 8 
2 2 . 2 4 0 . 2 5 
2 1 . 8 9 0 . 2 3 
2 1 . 6 4 0 . 2 2 
2 1 . 3 7 0 . 2 0 
20 . 7 5 0 .  1 7  
2 0 . 2 0 0 . 1 4  
Tab l e  A . 1 .  ( c o n t i nued ) 
S ET 1 , RUN 1 .  S UBPLOT : 
D E PT H : 
PLATE : 
4 7  
1 ' - 2 '  
6 
/ - --- PRE S SURE -- - - � 1 - - - - - - - - SO I L  
P gage P ac t .  G r o s s  Tare 
B 
WE I GHTS - - - - - -
N e t  PAPER 
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 o . o o  5 8 . 6 9 
0 . 2 0 2 1 . 3 7 5 6 . 1 4 
0 . 6 0 4 9 . 4 9 5 5 . 9 9 
1 .  3 0  9 8 . 6 8 5 5 . 3 3 
2 . 0 0 1 4 7 . 8 8 5 5 . 0 9 
4 . 2 0 3 0 2 . 5 0 5 4 . 5 9 
7 . 0 0 4 9 9 . 2 9 5 4 . 3 0 
1 4 . 2 0 1 0 0 5 . 3 2 5 3 . 9 2 
4 3 . 5 0 3 0 6 3 . 3 8 5 3 . 5 9 
8 7 . 0 0 6 1 2 6 . 7 6 5 2 . 9 2 
2 3 7 . 0 0 1 6 6 9 0 . 1 3  5 3 . 0 8 
Tab l e  A . l .  ( co n t i n u ed ) 
S ET 1 ,  RUN 2 .  S U BPLOT : 
2 6 . 2 6 
2 5 . 1 1 
2 5 . 1 1  
2 5 . 1 1 
2 5 . 1 0  
2 5 . 1 0  
2 5 . 1 0 
2 5 . 1 0 
2 5 . 0 5 
2 5 . 1 1  
2 5 . 1 1  
7 . 9 8 
2 . 5 1  
4 7  
DEPTH : 1 ' - 2 '  B 
PLATE : 6 
3 2 . 4 3 
3 1 . 0 3 
3 0 . 8 8 
3 0 . 2 2 
2 9 . 9 9 
2 9 . 4 9 
2 9 . 2 0 
2 8 . 8 2 
2 8 . 5 4 
2 7 . 8 1  
2 7 . 9 7 
/ - - - - PRESS U RE - - - - - 1 - - - - - - - - S O I L W E I GHTS - - - - - -
P gage P ac t .  G r o s s  Tare N e t  
2 � 5 1  
1 .  4 2  
1 . 3 5 
1 .  3 1  
1 .  2 8  
1 .  2 4  
1 .  2 1  
1 .  1 7  
1 .  1 1  
1 . 0 7 
1 . 0 3  
PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - -- : 
o . o o 0 . 0 0 6 0 . 9 0 2 5 . 1 2 3 5 . 7 8 2 . 5 1 
0 . 2 0 2 1 . 3 7 5 6 . 6 2 2 5 . 1 0 3 1 . 5 2 l .  4 2  
0 . 6 0 4 9 . 4 9 5 5 . 5 9 2 5 . 1 0 3 0 . 4 9 1 .  3 5  
1 .  3 0  9 8 . 6 8 5 5 . 1 2 2 5 . 1 1  3 0 . 0 1  l . 3 1  
2 . 0 0 1 4 7 . 8 8 5 4 . 8 1  2 5 . 1 1 2 9 . 7 0 1 .  2 8  
4 . 2 0 3 0 2 . 5 0 5 4 . 4 0 2 5 . 1 0  2 9 . 3 0 1 .  2 4  
7 . 0 0 4 9 9 . 2 9 5 4 . 1 8 2 5 . 1 0 2 9 . 0 8 l .  2 1  
1 4 . 2 0 1 0 0 5 . 3 2 5 4 . 1 1  2 5 . 1 1  2 9 . 0 0 l .  1 7  
4 3 . 5 0 3 0 6 4 . 5 7 5 3 . 6 9 2 5 . 1 1 2 8 . 5 8 l .  1 1  
8 7 . 0 0 6 1 2 1 . 8 2 5 3 . 2 3 2 5 . 1 0 2 8 . 1 3  l .  0 7  
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 3 . 1 0 2 5 . 1 1 2 7 . 9 9 1 .  0 3  
7 . 9 8 
2 . 5 1  
1 3 0 
1 6 . i 4 
WET SO I L  THETA 
2 1 . 9 4 0 . 3 1  
2 1 . 6 3 0 . 2 9 
2 1 . 5 5 0 . 2 9 
2 0 . 9 3 0 . 2 5 
2 0 . 7 3 0 . 2 4 
2 0 . 2 7 0 . 2 1  
2 0 . 0 1  0 . 2 0 
1 9 . 6 7 0 . 1 8 
1 9 . 4 5 0 . 1 6  
1 8 . 7 6 0 .  1 2  
1 8 . 9 6 0 . 1 3  
1 6 . 7 4  
WET S U I L  THETA 
2 5 . 2 9 0 . 5 1  
2 2 . 1 2 0 . 3 2 
2 1 . 1 6 0 . 2 6 
2 0 . 7 2 0 . 2 4 
2 0 . 4 4 0 . 2 2 
2 0 . 0 8 0 . 2 0 
1 9 . 8 9 0 .  1 9  
1 9 . 8 5 0 .  1 9  
1 9 . 4 9 0 . 1 6 
1 9 . 0 8 0 . 1 4  
1 8 . 9 8 0 . 1 3  
1 3 1  
Tab l e  A . 1 .  ( c o n t i nued ) 
SET 1 , RUN 1 .  S U B P LOT :  3 7  
DEPTH : 1 ' - 2 ' B 1 5 . 6 7 
PLATE : 6 
/ - - - - PRESSURE - - • - - 1 - - - - - - - - SO I L WE I GHTS - - - - - -
P gage P ac t .  Gro s s  Tare Ne t PAPER WET SO I L  THETA 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o o . o o 5 7 . 3 8 2 6 . 2 6 3 1 . 1 2 3 . 5 8 2 0 . 5 3 0 . 3 1 
0 . 2 0 2 1 . 3 7 5 5 . 9 8 2 6 . 2 6 2 9 . 7 2 2 . 0 3 2 0 . 6 8 0 . 3 2 
0 . 6 0 4 9 . 4 9 5 5 . 7 1  2 6 . 2 7 2 9 . 4 4 . 1 .  9 3  2 0 . 5 0  0 . 3 1 
1 .  3 0  9 8 . 6 8 5 5 . 1 0  2 6 . 2 6 2 8 . 8 4 1 .  8 6  1 9 . 9 7 0 . 2 7 
2 . 0 0 1 4 7 . 8 8 5 4 . 8 5 2 6 . 2 4 2 8 . 6 1  1 .  8 3  1 9 . 7 7  0 . 2 6 
4 . 2 0 3 0 2 . 5 0 5 4 . 3 7  2 6 . 2 6 2 8 . 1 1  1 .  7 6  1 9 . 3 4 0 . 2 3 
7 . 00 4 9 9 . 2 9 5 4 . 1 0 2 6 . 2 7 2 7 . 8 3 1 .  7 2  1 9 . 1 0  0 . 2 2 
1 4 . 2 0 1 0 0 5 . 3 2 5 3 . 80 2 6 . 2 5 2 7 . 5 5 1 .  6 7  1 8 . 8 7 0 . 2 0 
4 3 . 5 0 3 0 6 3 . 3 8 5 3 . 4 4 2 6 . 1 9 2 7 . 2 5 1 .  5 8  1 8 . 6 6 0 . 1 9 
8 7 . 0 0 6 1 2 6 . 7 6 5 2 . 8 4 2 6 . 2 7 2 6 . 5 7 1 .  5 3  1 8 . 0 3 0 . 1 5 
2 3 7 . 0 0 1 6 6 9 0 . 1 3 5 3 . 0 8 2 6 . 2 7 2 6 . 8 1  1 .  4 6  1 8 . 3 4  0 . 1 7 
7 . 0 1  
3 . 5 8 
Tab l e  A . l .  ( c o n t i n ued ) 
SET 1 ,  RUN 2 .  S UB P LOT : 3 7  
DE PTH : 1 ' - 2 ' B 1 5 . 6 7  
P LATE : 6 
/ - - - - PRES S URE - - - - - 1 - - - - - - - - S O I L WE I GHTS - - - - - -
P gage P ac t . G r o s s  Tare N e t PAPER W E T  SO I L THETA 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - � - : 
o . o o o . o o 6 1 . 2 2 2 6 . 3 0 3 4 . 9 2 -3 . 5 8 2 4 . 3 3 0 . 5 5 
0 . 2 0 2 1 . 3 7 5 6 . 8 3 2 6 . 2 5 3 0 . 5 8 2 . 0 3  2 1 . 5 4 0 . 3 7 
0 . 6 0 4 9 . 4 9 5 5 . 6 0 2 6 . 2 5 2 9 . 3 5 1 .  9 3  2 0 . 4 1  0 . 3 0 
1 .  3 0  9 8 . 6 8 5 5 . 1 0  2 6 . 2 5 2 8 . 8 5  1 . 8 6  1 9 . 9 8 0 . 2 7 
2 . 0 0 1 4 7 . 8 8 5 4 . 8 0 2 6 . 2 7 2 8 . 5 3 1 .  8 3  1 9 . 6 9 0 . 2 6 
4 . 2 0 3 0 2 . 5 0 5 4 . 3 4 2 6 . 2 4 2 8 . 1 0 1 .  7 6  1 9 . 3 3 0 . 2 3 
7 . 0 0 4 9 9 . 2 9 5 4 . 1 8  2 6 . 2 4 2 7 . 9 4 1 .  7 2  1 9 . 2 1  0 . 2 3 
1 4 . 2 0. 1 0 0 5 . 3 2 5 3 . 8 8 2 6 . 2 8 2 7 . 6 0 1 .  6 7  1 8 . 9 2 0 . 2 1  
4 3 . 5 0 3 0 6 4 . 5 7 5 3 . 5 8 2 6 . 2 6 2 7 . 3 2 1 .  5 8  1 8 . 7 3 0 . 2 0 
8 7 . 0 0 6 1 2 1 ; 8 2 5 3 . 1 0  2 6 . 2 7 2 6 . 8 3 1 .  5 3  1 8 . 2 9 0 . 1 7 
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 3 . 0 1  2 6 . 2 8 2 6 . 7 3 1 .  4 7  1 8 . 2 5 0 . 1 6  
7 . 0 1  
3 . 5 8 
Tab l e  A . l .  ( c o n t i n u ed ) 
S ET 1 ,  RUN 1 .  S U B PLOT : 
D E PTH : 
P LATE : 
1 
1 ' - 2 , 
7 
/ - - - - PRESSURE - - - - - 1 - - - - - - - -S O I L  
P gage P ac t . G r o s s  'f a r e  
B 
W E I GHTS - - - - - -
N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : � - - - - - - - : 
0 . 0 0 o . o o 5 8 . 3 1  
0 . 2 0 2 1 . 3 7 5 5 . 5 0 
0 . 6 0 . 4 9 . 4 9 5 5 . 2 1 
1 .  3 0  9 8 . 6 8 5 4 . 7 3 
2 . 0 0 1 4 7 . 8 8 5 4 . 4 8 
4 . 2 0 3 0 2 . 5 0 5 4 . 0 1 
7 . 0 0 4 9 9 . 2 9 5 3 . 7 9 
1 4 . 2 0 1 0 0 5 . 3 2 5 3 . 4 3 
4 3 . 5 0 3 0 6 3 . 3 8 5 3 . 0 9 
87 . 0 0 6 1 2 6 . 7 6 5 2 . 5 2  
2 3 7 . 0 0 1 6 6 9 0 . 1 3 5 2 . 7 0 
T a b l e  A . 1 .  ( c o n t i n ued ) 
S E T  1 ,  RUN 2 .  S UB PLOT : 
D E PTH : 
2 6 . 2 6 
2 5 . 1 1 
2 5 . 1 1 
2 5 . 1 0  
2 5 . 1 0 
2 5 . 1 0 
2 5 . 1 0  
2 5 . 1 0 
2 5 . 0 4 
2 5 . 1 1  
2 5 . 1 1 
7 . 6 0 
3 . 3 1 
1 ' - 2 ' B 
PLATE : 7 
3 2 . 0 5 
3 0 . 3 9  
3 0 . 1 0  
2 9 . 6 3 
2 9 . 3 8 
2 8 . 9 1  
2 8  .. 6 9  
2 8 . 3 3 
2 8 . 0 5 
2 7 . 4 1 
2 7 . 5 9 
/ - - - - PRESSURE - - - - - 1 - - - - - - - - SO I L  W E I GHTS - - - - - -
P g ag e  P ac t .  Gro s s  T a r e  N e t  
� . 3 1  
1 .  8 8  
· 1 . 7 9  
1 .  7 2  
1 . 6 9  
1 .  6 3  
1 .  5 9  
1 .  5 4  
1 . 4 6  
1 .  4 2  
1 .  3 5  
PAPER 
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : -- - - - - - -
o . o o o . o o 6 0 . 0 9 2 5 . 1 1  3 4 . 9 8 3 .  3 1  
0 . 2 0 2 1 . 3 7 5 5 . 5 8 2 5 . 1 0 3 0 . 4 8 1 .  8 8  
0 . 6 0 4 9 . 4 9 5 4 . 8 7 2 5  . t o 2 9 . 7 7 1 .  7 9  
1 .  3 0  9 8 . 6 8 5 4 . 6 1  2 5 . 1 1  2 9 . 5 0 1 .  7 2  
2 . 0 0 1 4 7 . 8 8 5 4 . 3 1 2 5 . 1 1  2 9 . 2 0 1 .  6 9  
4 . 2 0 3 0 2 . 5 0 5 3 . 9 0 2 5 . 1 1 2 8 . 7 9 1 .  6 3  
7 . 0 0 4 9 9 . 2 9 5 3 . 6 2 2 5 . 1 1  2 8 . 5 1 1 .  5 9  
1 4 . 2 0 1 0 0 5 . 3 2 5 3 . 4 2 2 5 . 1 1 2 8 . 3 1  1 .  5 4  . 
4 3 . 5 0 3 0 6 4 . 5 7 5 3 . 0 2 2 5 . 1 0  2 7 . 9 2 1 .  4 6  
8 7 . 0 0 6 1 2 1 . 8 2 5 2 . 5 8  2 5 . 1 1 2 7 . 4 7 1 .  4 2  
2 1 8 . 00 1 5 3 2 8 . 7 2 5 2 . 4 9 2 5 . 1 1 2 7 . 3 8 1 .  3 6  
7 . 6 0  
3 . 3 1 
1 3 2  
1 5 . 9 5 
WET S O I L  THETA 
2 1 . 1 4 0 . 3 3 
2 0 . 9 1  0 . 3 1  
2 0 . 7 1  0 . 3 0 
2 0 . 3 1  0 . 2 7 
2 0 . 0 9 0 . 2 6 
1 9 . 6 8 0 . 2 3 
1 9 . 5 0 0 . 2 2 
1 9 . 1 9  0 . 2 0 
1 8 . 9 9 0 .  1 9  
1 8 . 3 9 0 . 1 5 
1 8 . 6 4 0 . 1 7  
1 5 . 9 5 
W E1' S O I L THETA 
2 4 . 0 7 0 . 5 1 
2 1 . 0 0 0 . 3 2 
2 0 . 3 8  0 . 2 8 
2 0 . 1 8  0 . 2 7 
1 9 . 9 1  0 . 2 5 
1 9 . 5 6 0 . 2 3 
1 9 . 3 2 0 . 2 1  
1 9 . 1 7  0 . 2 0 
1 8 . 8 6 0 .  1 8  
1 8 . 4 5  0 .  1 6  
1 8 . 4 2 0 .  1 5  
Tab l e  A . l .  ( c o n t i n u ed ) 
S ET 1 ,  RUN t .  S U B P LOT :  
DEPTH : 
PLATE : 
3 0  
2 ' - 3 '  
7 
/ - --- PRESSURE ----- 1 - - - - - - - - SO I L 
P gage P ac t .  G ro s s  T a r e  
B 
W E I GHTS - - - - - -
N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 6 1 . 4 9 
0 . 2 0 2 1 . 3 7 6 0 . 9 1  
0 . 6 0 4 9 . 4 9 6 0 . 3 1 
1 .  3 0  9 8 . 6 8 5 9 . 9 2 
2 . 0 0 1 4 7 . 8 8 5 9 . 6 1  
4 . 2 0 3 0 2 . 5 0 5 9 . 0 9 
7 . 0 0 4 9 9 . 2 9  5 8 . 8 1  
1 4 . 2 0 1 0 0 5 . 3 2 5 8 . 5 0 
4 3 . 5 0 3 0 6 3 . 3 8 5 8 . 1 3 
8 7 . 0 0 6 1 2 6 . 7 6 5 7 . 7 2 
2 3 7 . 0 0 1 6 6 9 0 . 1 3  5 7 . 6 1  
Tab l e  A . l .  ( c o n t i n ued ) 
SET 1 ,  RUN 2 .  S U B P LOT : 
D E PTH : 
P LATE : 
2 6 . 2 6 3 5 . 2 3 
2 6 . 2 6 3 4 . 6 5 
2 6 . 2 6 3 4 . 0 5 
2 6 . 2 5 3 3 . 6 7 
2 6 . 2 5 3 3 . 3 6 
2 6 . 2 5 3 2 . 8 4 
2 6 . 2 5 3 2 . 5 6 
2 6 . 2 4 3 2 . 2 6 
2 6 . 1 9 3 1 . 9 4 
2 6 . 2 7 3 1 . 4 5 
2 6 . 2 7 3 1 . 3 4 
7 . 4 8  
2 . 5 8 
3 0  
2 ' - 3 '  B 
7 
/ - - - - PRES S URE --- - - 1 - - - - - - - -S O I L W E I G H TS - - - - - -
P gage P ac t .  G r o s s  T a r e  N e t  
2 .  5 8  
1 .  4 6  
1 .  3 9  
·1 . 3 4  
1 .  3 2  
1 .  2 7  
1 .  2 4  
1 .  2 0  
1 . 1 4 
1 . 1 0 
1 . 0 5  
PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - -- - - : 
0 . 0 0 0 . 0 0 6 4 . 0 1  2 6 . 2 7 3 7 . 7 4 2 . 5 8 
0 . 2 0 2 1 . 3 7 6 0 . 6 1  2 6 . 2 6 3 4 . 3 5 1 .  4 6  
0 . 6 0 4 9 . 4 9  6 0 . 1 7 2 6 . 2 5 3 3 . 9 2 1 .  3 9  
1 .  3 0  98 . 6 8 5 9 . 8 8 2 6 . 2 6 3 3 . 6 2 1 .  3 4  
2 . 0 0 1 4 7 . 88 5 9 . 5 8  2 6 . 2 8 3 3 . 3 0 1 .  3 2  
4 . 2 0 3 0 2 . 5 0 5 9 . 0 2 2 6 . 2 6 3 2 . 7 6 1 .  2 7  
7 . 0 0 4 9 9 . 2 9 5 8 . 6 9 2 6 . 2 7 3 2 . 4 2 1 .  2 4  
1 4 . 20 1 0 0 5 . 3 2 5 8 . 3 9 2 6 . 2 8 3 2 . i 1 1 .  2 0  
4 3 . 5 0 3 0 6 4 . 5 7 5 8 . 0 7 2 6 . 2 5 3 1 . 8 2 1 .  1 4 . 
8 7 . 0 0 6 1 2 1 . 8 2 5 7 . 5 5 2 6 . 2 5 3 1 . 3 0 1 . 1 0 
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 7 . 3 8 2 6 . 2 7 3 1 .  1 1  1 .  0 6  
7 . 4 8 
2 . 5 8 
1 3 3  
1 9 . 7 0 
WET SO I L  THETA 
2 5 . 1 7 0 . 2 8 
2 5 . 7 1 0 . 3 0 
2 5 . 1 8 0 . 2 8 
2 4 . 8 5 0 . 2 6 
2 4 . 5 6 0 . 2 5 
2 4 . 0 9 0 . 2 2 
2 3 . 8 4 0 . 2 1 
2 3 . 5 8 0 . 2 0 
2 3 . 3 2 0 . 1 8 
2 2 . 8 7 0 . 1 6 
2 2 . 8 1 0 . 1 6 
1 9 . 7 0 
WET SO I L  THETA 
2 7 . 6 8 0 . 4 1  
2 5 . 4 1  0 . 2 9 
2 5 . 0 5 0 . 2 7 
2 4 . 8 0 0 . 2 6 
2 4 . 5 0 0 . 2 4 
2 4 . 0 1 0 . 2 2 
2 3 . 7 0 0 . 2 0 
2 3 . 4 3 0 . 1 9  
2 3 . 2 0 0 . 1 8 
2 2 . 7 2 0 . 1 5  
2 2 . 5 7 0 . 1 5  
Tab l e  A . 1 .  ( co n t i nued ) 
S ET 1 ,  RUN 1 .  S UB P LOT : 
DEPTH : 
PLATE : 
4 7  
2 ' - 3 ' 
8 
1 - - - - PRE S S URE- - � - - 1 -- - - -- - - SO I L  
P gage P ac t .  G ro s s  Tare 
B 
W E I GHTS - - - - - -
N e t  PAPER 
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o o . o o 5 9 . 3 2 
0 . 2 0 2 1 . 3 7 5 6 . 7 5  
0 . 6 0 4 9 . 4 9 5 6 . 6 4 
1 . 3 0 · 9 8 . 6 8 5 6 . 2 4 
2 . 0 0 1 4 7 . 8 8 5 5 . 9 0 
4 . 2 0 3 0 2 . 5 0 5 5 . 3 6 
7 . 0 0 4 9 9 . 2 9 5 5 . 0 9 
1 4 . 2 0 1 0 0 5 . 3 2 5 4 . 6 1 
4 3 . 5 0 3 0 6 3 . 3 8 5 4 . 3 3 
8 7 . 0 0 6 1 2 6 . 7 6 5 3 . 6 0 
2 3 7 . 0 0 1 6 6 9 0 . 1 3 5 3 . 6 7 
Tab l e  A .  1 .  ( c o n t i nu ed ) 
SET 1 ' RUN 2 .  S UBPLOT : 
DEPTH : 
P LATE : 
2 6 . 2 6 3 3 . 0 6 
2 5 . 1 1  3 1 . 6 4 
2 5 . 1 0 3 1 . 5 4 
2 5 . 1 0 3 1 . 1 4 
2 5 . 1 0 3 0 . 8 0 
2 5 . 1 0 3 0 . 2 6 
2 5 . 1 1  2 9 . 9 8 
2 5 . 1 0 2 9 . 5 1  
2 5 . 0 4 2 9 . 2 9 
2 5 . 1 0 2 8 . 5 0 
2 5 . 1 1  2 8 . 5 6 
7 . 3 9 
1 .  9 8  
4 7  
2 ' - 3 '  B 
8 
/ - - - - PRE S SURE - - - - - 1 - - - - - - - - S O I L  WE I GHTS - - - - - -
P gage P ac t .  G r o s s T a r e  N e t  
1 .  9 8  
1 .  1 2  
· 1 . 0 7  
1 .  0 3  
1 .  0 1  
0 . 9 8 
0 . 9 5 
0 . 9 2 
0 . 8 8 
0 . 8 5 
0 . 8 1  
PAPER 
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 6 0 . 7 7 2 5 . 1 1 3 5 . 6 6 1 .  9 8  
0 . 2 0 2 1 . 3 7 5 7 . 4 0 2 5 . 1 0  3 2 . 3 0 1 . 1 2 
0 . 6 0 4 9 . 4 9 5 6 . 5 5 2 5 . 1 0 3 1 . 4 5 1 .  0 7  
1 .  3 0  9 8 . 6 8 5 5 . 8 9 2 5 . 1 1 3 0 . 7 8 1 .  03 
2 . 0 0 1 4 7 . 8 8 5 5 . 5 1  2 5 . 1 1 3 0 . 4 0 1 .  0 1  
4 . 2 0 3 0 2 . 5 0 5 5 . 0 1 2 5 . 1 1  2 9 . 9 0 0 . 9 8 
7 . 0 0 4 9 9 . 2 9 5 4 . 7 1  2 5 . 1 1 2 9 . 6 0 0 . 9 5 
1 4 . 2 0 1 0 0 5 . 3 2 5 4 . 5 0 2 5 . 1 1  2 9 . 3 9 0 . 9 2 
4 3 . 5 0 3 0 6 4 . 5 7 5 4 ·. 2 0  2 5 . 1 0 2 9 . 1 0 0 . 8 8 
8 7 . 0 0 6 1 2 1 . 8 2 5 3 . 5 3 2 5 . 1 1 2 8 . 4 2 0 . 8 5 
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 3 . 6 0 2 5 . 1 1 2 8 . 4 9 0 . 8 1 
7 . 3 9 
1 .  9 8  
1 3 4 
1 7 . 8 8 
WET .S O I L THETA 
2 3 . 6 9 0 . 3 2 
2 3 . 1 3 0 . 2 9 
2 3 . 0 8 0 . 2 9 
2 2 . 7 2 0 . 2 7 
2 2 . 4 0 0 . 2 5 
2 1 . 8 9 0 . 2 2 
2 1 . 6 4 0 . 2 1 
2 1 . 2 0 0 . 1 9  
2 1 . 0 2 0 . 1 8  
2 0 . 2 6 0 . 1 3  
2 0 . 3 6  0 . 1 4  
1 7 . 8 8 
WET SO I L  THETA 
2 6 . 2 9 0 . 4 7 
2 3 . 7 9 0 . 3 3 
2 2 . 9 9 0 . 2 9 
2 2 . 3 6 0 . 2 5 
2 2 . 0 0 0 . 2 3 
2 1 . 5 3 0 . 2 0 
2 1 . 2 6 0 . 1 9  
2 1 . 0 8 0 . 1 8  
2 0 . 8 3 0 . 1 7 
2 0 . 1 8  0 .  1 3  
2 0 . 2 9 0 . 1 3 
Tab l e  A . l .  ( c o n t i n ued ) 
S E T  1 '  RUN 1 .  S UB PLOT : 
D E PTH : 
PLATE : 
3 7  
2 ' - 3 '  
8 
/ - - - - PRESSUR E- - - - - 1 - - - - - - - - S O I L 
B 1 9 . 6 1  
WE I GHTS - - - - - -
P gage P ac t . Gro s s  Tare N e t  PAPER WET SO I L  
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 6 1 . 2 3 
0 . 2 0 2 1 . 3 7 5 9 . 9 5 
0 . 6 0 4 9 . 4 9 5 9 . 8 3 
1 .  3 0  9 8 . 6 8 5 9 . 5 6 
2 . 0 0 1 4 7 . 8 8 5 9 . 2 4 
4 . 2 0 3 0 2 . 5 0 5 8 . 7 0 
7 . 0 0 4 9 9 . 2 9 5 8 . 4 1  
1 4 . 2 0 1 0 0 5 . 3 2 5 8 . 0 4 
4 3 . 5 0 3 0 6 3 . 3 8 5 6 . 3 0 
8 7 . 0 0 6 1 2 6 . 7 6 5 6 . 5 0 
2 3 7 . 0 0 1 6 6 9 0 . 1 3 5 6 . 6 0 
Tab l e  A . 1 .  ( c on t i nued ) 
S ET 1 ,  RUN 2 .  SUBPLOT : 
D E PTH : 
PLATE : 
2 6 . 2 6 3 4 . 9 7 
2 6 . 2 7 3 3 . 6 8 
2 6 . 2 6 3 3 . 5 7 
2 6 . 2 4 3 3 . 3 2 
2 6 . 2 4 3 3 . 0 0 
2 6 . 2 6 3 2 . 4 4 
2 6 . 2 7 3 2 . 1 4  
2 6 . 2 5 3 1 . 7 9 
2 6 . 1 9 3 0 . 1 1 
2 6 . 2 7 3 0 . 2 3 
2 6 . 2 7 3 0 . 3 3 
7 . 4 8 
1 .  8 1  
3 7  -
2 ' - 3 '  B 
8 
/ - - - - PRESSURE - - - - - 1 - - - - - - - - SO I L W E I GHTS - - - - - -
P g a g e  P ac t .  G r o s s Tare N e t  
1 .  8 1  
1 . ·0 3  
0 . 9 8 
0 . 9 4 
0 . 9 2 
0 . 8 9 
0 . 8 7 
0 . 8 4  
0 . 8 0 
0 . 7 7 
0 . 7 4 
PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 6 5 . 6 0 2 6 . 2 6 3 9 . 3 4 l .  8 1  
0 . 2 0 2 1 . 3 7 6 1 . 4 2 2 6 . 2 6 3 5 . 1 6 1 .  0 3  
0 . 6 0 4 9 . 4 9 6 0 . 4 1  2 6 . 2 5 3 4 . 1 6 0 . 9 8 
1 .  3 0  9 8 . 6 8 5 9 . 5 9 2 6 . 2 6 3 3 . 3 3 0 . 9 4 
2 . 0 0 1 4 7 . 8 8 5 9 . 1 5 2 6 . 2 8 3 2 . 8 7 0 . 9 2 
4 . 2 0 3 0 2 . 5 0 5 8 . 4 5 2 6 . 2 7 3 2 . 1 8  0 . 8 9 
7 . 0 0 4 9 9 . 2 9 5 8 . 0 4 2 6 . 2 6 3 1 .  7 8 0 . 8 7 
1 4 . 2 0 1 0 0 5 . 3 2 5 7 . 7 0 2 6 . 2 8 3 1 . 4 2 0 . 8 4 
4 3 . 5 0 3 0 6 4 . 5 7 5 7 . 3 4 2 6 . 2 6 3 1 . 0 8 0 . 8 0 ' 
8 7 . 0 0 6 1 2 1 . 8 2 5 6 . 5 2 2 6 . 2 4 3 0 . 2 8 0 . 7 7 
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 6 . 5 0 2 6 . 2 7 3 0 . 2 3 0 . 7 4 
7 . 4 8 
1 . 8 1 
2 5 . 6 8 
2 5 . 1 7  
2 5 . 1 1 
2 4 . 9 0 
2 4 . 6 0 
2 4 . 0 7 
2 3 . 7 9 
2 3 . 4 7 
2 1 . 8 3 
2 1 . 9 8 
2 2 . 1 1  
1 9 . 6 1  
WET SO I L  
3 0 . 0 5 
2 6 . 6 5 
2 5 . 7 0 
2 4 . 9 1  
2 4 . 4 7 
2 3 . 8 1  
2 3 . 4 3 
2 3 . 1 0  
2 2 . 8 0 
2 2 . 0 3 
2 2 . 0 1  
1 3 5 · 
THETA 
0 . 3 1  
0 . 2 8 
0 . 2 8 
0 . 2 7 
0 . 2 5 
0 . 2 3 
0 . 2 1 
0 . 2 0 
0 .  1 1  
0 .  1 2  
0 .  1 3  
THETA 
0 . 5 3 
0 . 3 6 
0 . 3 1 
0 . 2 7 
0 . 2 5 
0 . 2 1 
0 .  1 9  
0 . 1 8 
0 .  1 6  
0 . 1 2 
0 . 1 2  
Tab l e  A . 1 .  ( con t i nued ) 
SET 1 , RUN 1 .  SUBPLOT :  
DEPTH : 
P LATE : 
2 ' - 3 '  
9 
/ - - - - PRESSURE - - � - - 1 - - - - - - - - SOI L 
P gage P ac t .  G ro s s  T a r e  
B 
WE I GHTS - - - - - -
N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - � - - - : � - - - - - - - : 
0 . 0 0 o . o o 6 0 . 8 7 2 6 . 2 5 
0 . 2 0 2 1 . 3 7 ( M i s s i n g  
0 . 6 0 4 9 . 4 9 5 8 . 4 5 2 5 . 1 1 
1 .  3 0  9 8 . 6 8 5 7 . 8 8 2 5 . 1 0 
2 . 0 0 1 4 7 . 8 8 5 7 . 6 1  2 5 . 1 0  
4 . 2 0 3 0 2 . 5 0  5 7 . 0 2 2 5 . 1 0 
7 . 00 4 9 9 . 2 9 5 6 . 6 3 2 5 . 1 0 
1 4 . 2 0 1 0 0 5 . 3 2 5 6 . 2 9 2 5 . 1 0 
4 3 . 5 0 3 0 6 3 . 3 8 5 6 . 9 4 2 6 . 1 9 
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 6 0 2 5 . 1 1 
2 3 7 . 0 0 1 6 6 9 0 . 1 3 5 4 . 7 0 
Ta b l e  A . 1 .  ( c on t i nued ) 
SET 1 ,  RUN 2 .  S U B PLOT :  
DEPTH : 
P LATE : 
2 5 . 1 1  
7 . 3 3 
2 . 6 6 
1 
2 ' - 3 '  B 
9 
3 4 . 6 2 
dat a . ) 
3 3 . 3 4 
3 2 . 7 8 
3 2 . 5 1 
3 1 . 9 2 
3 1 . 5 3 
3 1 . 1 9 
3 0 . 7 5 
2 9 . 4 9 
2 9 . 5 9 
/ - --- PRE S S UR E - - - - - 1 - - - - -- - - SO I L  W E I GHTS - - - - - -
P gage P ac t .  Gro s s  Tare N e t  
2 . 6 6  
1 .  5 1  
J . 4 3  
1 .  3 8  
1 .  3 6  
1 .  3 1  
1 .  2 8  
1 .  2 4  
1 . 1 8 
1 . 1 4 
1 .  0 9  
PAPER 
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o o . o o 6 4 . 4 1  2 5 . 1 0 3 9 . 3 1  2 . 6 6 
0 . 2 0 2 1 . 3 7 6 0 . 5 9 2 5 . 1 0  3 5 . 4 9 1 .  5 1  
0 . 6 0 4 9 . 4 9 5 8 . 9 9 2 5 . 1 0  3 3 . 8 9 1 .  4 3  
1 .  3 0  9 8 . 6 8 5 8 . 2 1  2 5 . 1 1  3 3 . 1 0  1 .  3 8  
2 . 0 0 1 4 7 . 8 8 5 7 . 6 9 2 5 . 1 1 3 2 . 5 8 1 .  3 6  
4 . 2 0 3 0 2 . 5 0 5 6 . 9 1  2 5 . 1 1  3 1 . 8 0 1 .  3 1  
7 . 0 0 4 9 9 . 2 9 5 7 . 0 2 2 5 . 1 1  3 1 . 9 1  1 .  2'8 
1 4 . 2 0 1 0 0 5 . 3 2 5 6 . 0 3 2 5 . 1 1  3 0 . 9 2 1 .  2 4  
4 3 . 5 0 3 0 6 4 . 5 7 5 5 . 5 8 2 5 . 1 0 3 0 . 4 8 1 .  1 8  
8 7 . 0 0 6 1 2 1 . 8 2 5 4 . 6 3 2 5 . 1 1 2 9 . 5 2 1 .  1 4  
2 1 8 . 0 0 1 5 3 2 8 . 7 2 5 4 . 6 8 2 5 . 1 0 2 9 . 5 8 1 . 0 9 
7 . 3 3  
2 . 6 6 
1 3 6 · 
1 8 . 9 4 
WET S O I L  THETA 
2 4 . 6 3 0 . 3 0 
-8 . 8 4 - 1 . 4 7 
2 4 . 5 8 0 . 3 0 
2 4 . 0 7 0 . 2 7 
2 3 . 8 2 0 . 2 6 
2 3 . 2 8 0 . 2 3 
2 2 . 9 2 0 . � 1 
2 2 . 6 2 0 . 1 9 
2 2 . 2 4 0 . 1 7  
2 1 . 0 2 0 . 1 1  
2 1 . 1 7 0 . 1 2  
1 8 . 9 4 
WET SO I L  · TH ETA 
2 9 . 3 2 0 . 5 5 
2 6 . 6 5 0 . 4 1 
2 5 . 1 3 0 . 3 3 
2 4 . 3 9 0 . 2 9 
2 3 . 8 9 0 . 2 6 
2 3 . 1 6  0 . 2 2 
2 3 . 3 0 0 . 2 3 
2 2 . 3 5 0 .  1 8  
2 1 . 9 7 0 .  1 6  
2 1 . 0 5 0 .  1 1  
2 1 . 1 6  0 . 1 2  
Tab l e  A . l . ( co n t i n ue d ) 
SET 2 t RUN t . · S U B PLOT :  5 
D E PTH : 5 ' - 6 '  B 
P LATE: : 1 
/ - - - - PRESSURE- - - - - 1 - - - - - - - - S O I L W E I GHTS - - -- - -
P gage p ac t .  G r o s s T a r e  N e t  PA PER 
ps i Clll - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o o . o o 6 2 . 4 4 2 5 . 2 1  3 7 . 2 3 2 . 8 2 
0 . 2 0 2 1 . 3 7 6 0 . 4 1  2 5 . 2 0 3 5 . 2 1  1 .  6 0  
0 . 6 0 4 9 . 4 9  5 9 . 9 4 2 5 . 1 9 . 3 4 . 7 5 .1 . 5 2 
1 .  3 0  9 8 . 6 8 5 9 . 6 0 2 5 . 1 9 3 4 . 4 1  1 .  4 7  
2 . 0 0 1 4 7 . 8 8 5 9 . 4 0 2 5 . 2 0 3 4 . 2 0 1 .  4 4  
4 . 2 0 3 0 2 . 5 0 5 9 . 1 1  2 5 . 1 9  3 3 . 9 2 1 .  3 9  
7 . 0 0 4 9 9 . 2 9 5 8 . 6 0 2 5 . 2 0 3 3 . 4 0 · 1 .  3 6  
1 4 . 2 0 . 1 0 0 5 . 3 2 5 8 . 0 7 2 5 . 2 0 3 2 . 8 7 1 .  3 1  
4 3 . 5 0 3 0 6 3 . 3 8 5 7 . 8 0 2 5 . 2 1 3 2 . 5 9 1 .  2 5  
8 7 . 0 0 6 1 2 6 . 7 6 5 7 . 0 4 2 5 . 1 9  3 1 . 8 5 1 .  2 1  
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 6 . 2 6 2 5 . 2 0 3 1 . 0 6 1 .  1 6  
WAX :  7 . 0 3 
WET PAPER 2 . 8 2 
T a b l e A . l .  ( co n t i nued ) 
SET 2 .  RUN 2 .  S U B P LOT :  5 
DEPT H : 5 • -·6 • B 
PLATE : 1 
/ - - - - PRES S U R E - - - - - 1 - - - - - - - - S O I L W E I GHTS - - - - - -p g a g e  p ac t .  G r o s s T a r e  N e t P A P E R  
ps i CID - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - --
0 . 0 0 0 . 0 0 6 5 . 2 0 2 5 . 2 0 4 0 . 0 0 2 . 8 2 
( M i s s i ng ERR 
p r e s s u re s . )  E:RR 
ERR 
1 .  90 1 4 0 . 8 5 5 9 . 6 8 2 5 . 2 1 3 4 . 4 7 1 .  4 4  
5 . 4 0 3 8 6 . 8 4 5 8 . 7 0 2 5 . 1 7  3 3 . 5 3 1 .  3 7  
8 . 0 0 5 6 9 . 5 7 5 8 . 2 0 2 5 . 1 9 3 3 . 0 1  1 .  3 5  
1 4 . 2 0 1 0 0 5 . 3 2 5 7 . 6 4 2 5 . 1 7 3 2 . 4 7 1 .  3 1  
4 6 . 0 0 3 2 3 9 . 4 4 5 7 . 1 9 2 5 . 2 1 3 1 . 9 8 1 .  2 4  
8 7 . 0 0 6 1 2 6 . 7 6 5 6 . 5 2 2 5 . 2 1 3 1 . 3 1 1 .  2 1  
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 6 . 1 6  2 5 . 2 1 3 0 . 9 5 1 .  1 6  
WAX: 7 . 0 3  
WET PAPER 2 . 8 2 
Tab l e  A . l . ( c on t in ued ) 
SET 2 ,  RUN 3 .  S U B P LOT : 5 
DEPTH : 5 ' - 6 ' B 
P LATE: : 1 
/ - - - - PR ES S U R E - - - - - 1 - - - - - - - - S O I L  W E I GHTS - - - - - -
T a r e  N e t  PAPER P gage p ac t .  G r o s s  
ps i Clll - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 
0 . 3 0 2 8 . 4 0 
0 . 6 0 4 9 . 4 9 
1 .  3 0  9 8 . 6 8 
6 5 . 8 0 2 5 . 2 1  
6 1 . 5 1 2 5 . 2 1  
6 0 . 4 0  2 5 . 2 1  
5 9 . 7 1  2 5 . 2 1  
WAX : 7 . 0 3 
W ET P A P E R  2 . 8 2 
4 0 . 5 9  2 . 8 2 
3 6 . 3 0 1 .  5 7  
3 5 . 1 9  1 .  5 2  
3 4 . 5 0 1 .  4 7  
1 . ,  --.) I  
2 0 . 6 1  
WET S O I L  THETA 
2 7 . 3 8 0 . 3 3 
26 . 5 8 0 . 2 9 
2 6 . 2 0 0 . 2 7 
2 5 . 9 1 0 . 2 6 
2 5 . 7 3 0 . 2 5 
2 5 . 5 0 0 . 2 4 
2 5 . 0  I 0 . 2 1  
24 . 5 3 0 .  1 9  
2 4 . 3 1 0 .  1 8  
23 . 6 1  0 . 1 5  
2 2 . 8 7 Q . l l  
2 0 . 6 1  
W ET S O I L  THETA 
3 0 . 1 5  0 . 4 G 
ERU E R R  
ERR ERR 
E R R  E q R  
2 6 . 0 0 0 . 2 6 
2 5 . 1 3 0 . 2 2 
2 4 . 6 3 0 . 2 0 
2 4 . 1 3  0 .  1 7  
2 3 . 7 1  0 .  1 5  
2 3 . 0 7 o .  1 2  
2 2 . 7 6 0 .  1 0  
2 0 . 6 1  
WET S O I L TH ETA 
3 0 . 7 4 0 . 4 9 
2 7 . 7 0 0 . 3 4 
2 6 . 6 4  0 . 2 9 
2 6 . 0 0 0 . 2 6 
Tab l e  A .  l .  ( c o n t i nued ) 
S ET 2 ,  RUN 1 .  S UBPLOT : 3 0  
D E PTH : 5 ' - 6 '  8 1 8 .  83  
PLATE : 1 
/ - - - - PRES SURE - - - - - 1 - - - - - - - - S O I L  W E IGHTS - - - - - -
p ga•e , p ac t .  G r o s s  T a r e  N e t  PAPER WET SO I L 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 00 o . o o 6 3 . 1 6 2 6 . 7 3 3 6 . 4 3 5 . 3 5 2 3 . 1 8  
0 . 2 0 2 1 . 3 7 6 1 .  1 7  2 6 . 7 3 3 4 . 4 4 3 . 0 4 � 3 . 5 0 
0 . 6 0 4 9 . 4 9 6 0 . 6 5 2 6 . 7 1  3 3 . 9 4 2 . 8 9 2 3 . 1 5 1 .  3 0  9 8 . 68 6 0 . 3 9 2 6 . 7 2 3 3 . 6 7 2 . 7 8 2 2 . 9 9 
2 . 0 0 1 4 7 . 8 8 6 0 . 0 3 2 6 . 7 2 3 3 . 3 1  2 . 7 3 2 2 . 6 8 
4 . 2 0 3 0 2 . 5 0 5 9 . 5 1  2 6 . 7 2 3 2 . 7 9 2 . 6 4  2 2 . 2 5 
7 . 0 0 4 9 9 . 2 9 5 8 . 6 8 2 6 . 7 2 3 1 . 9 6 2 . 5 7 2 1 . 4 9 
1 4 . 2 0 1 0 0 5 . 3 2 5 8 . 0 9 2 6 . 7 2 3 1 . 3 7 2 . 4 9 2 0 . 9 8 
4 3 . 5 0 3 0 6 3 . 3 8 5 7 . 7 1  2 6 . 7 3 3 0 . 9 8 2 . 3 7 2 0 . 7 1  
8 7 . 00 6 1 2 6 . 7 6 5 7 . 1 6  2 6 . 7 3 3 0 . 4 3 2 . 2 9 2 0 . 2 4 
2 1 8 . 00 1 5 3 5 2 . 1 1  5 6 . 7 2 2 6 . 7 3 2 9 . 99 2 . 2 0 1 9 . 8 9 
7 . 9 0 
5 . 6 6 
Tab l e  A .  1 .  ( c o n t i nued ) 
S ET 2 ,  RUN 2 .  S U BP LOT : 3 0  
DEPTH : 5 ' - 6 '  B 1 8 . 8 3 
PLATE : 1 i - - - - PRES S URE - - - -- 1 - - - - - - - - SO I L  W E I GHTS - - - - - -
p gage p ac t .  G r o s s  T a r e  N e t PAPER WET SO I L  
p s i  e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
( New f i l t e r  p a p e r  added at 6 8 . 0 1 . D r y  W t . :  
0 . 0 0 0 . 0 0 6 8 . 0 1  2 6 . 7 3 4 1 . 2 8 5 . 6 6 
( M i s s i n g  t: RH 
p r e s s u res . )  E RR 
ERR 
1 .  9 0  1 4 0 . 8 5 6 0 . 9 2 2 6 . 7 4 3 4 . 1 8  2 . 8 9 
5 . 4 0 3 8 6 . 8 4 5 9 . 8 7 2 6 . 7 0 3 3 . 1 7  2 . 7 6 
8 . 0 0 5 6 9 . 5 7 5 9 . 3 8 2 6 . 7 1  3 2 . 6 7 2 . 7 1  
1 4 . 2 0 1 0 0 5 . 3 2 5 8 . 7 9  2 6 . 7 0 3 2 . 0 9 2 . 6 4 
4 6 . 0 0 3 2 3 9 . 4 4 5 8 . 06 2 6 . 7 1  3 1 . 3 5 2 . 5 0 
8 7 . 0 0 6 1 2 6 . 7 6 5 7 . 50 2 6 . 7 5 3 0 . 7 5  2 . 4 2 
2 1 8 . 00 1 5 3 5 2 . 1 1  5 7 . 1 0 2 6 . 7 4  3 0 . 3 6 2 . 3 2 
7 . 9 0 
5 . 6 6 
Tab l e  A .  1 .  ( c o n t i n ue d ) 
S ET 2 ,  RUN 3 .  S U BPLOT : 3 0  
DEPTH : 5 ' - 6 ' B 
PLATE : 1 
/ - - - - PRES S U R E- - - - - 1 - - - - - -- -S O I L W E I GH TS - - - - - -
P gage P a c t . G r o s s  T a r e  N e t  PAPER 
ps i e m  - - - - - - - - : - - - - - - - - : - - - -- - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 6 8 . 9 9 
0 . 3 0 2 8 . 4 0 6 3 . 5 0 
0 . 6 0 4 9 . 4 9 6 2 . 4 9 
1 .  3 0  9 8 . 6 8 6 1 . 4 0 
2 6 . 7 4 
2 6 . 7 4 
2 6 . 7 6 
2 6 . 7 7 
7 . 9 0 
5 . 6 6 
4 2 . 2 5 5 . 6 6 
3 6 . 7 6 3 .  1 5  
3 5 . 7 3 3 . 0 5  
3 4 . 6 3 2 . 9 5 




2 3 . 3 9 
2 2 . 5 1  
2 2 . 0 6 
2 1 . 5 5 
2 0 . 9 5 
2 0 . 4 3 
2 0 . 1 4  
1 8 . 8 3 
WET SO I L  
2 8 . 6 9 
2 5 . 7 1  
2 4 . 7 8 
2 3 . 7 8 
1 3 8 . . 
THETA 
0 . 2 3 
0 . 2 5 
0 . 2 3 
0 . 2 2 
0 . 2 0 
0 .  1 8  
0 .  1 4  
o .  1 1  
0 .  1 0  
0 . 0 7 
0 . 0 6 
TH ETA 
. 3 1  g . ) 




0 . 2 4 
0 . 2 0 
0 .  1 7  
0 .  1 4  
0 .  1 1  
0 . 08 
0 . 0 7 
THETA 
0 . 5 2 
0 . 3 7 
0 . 3 2 
0 . 2 6 
Tab l e  A .  1 .  ( c o n t i nu ed ) 
S ET 2 ' RUN 1 .  SU B P LOT : 3 7  
D E PT H : 5 ' - 6 ' B -
PLATE : 2 
/ - - - - PRESS URE - - - - - 1 - - - - - - - -S O I L W E I GHTS - -- - - -
P gag e P a c t . G r o s s  T a r e  N e t  PAPER 
p s i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 5 9 . 8 4 2 5 . 2 1  3 4 . 6 3 
0 . 2 0 2 1 . 3 7 5 9 . 2 5 2 5 . 2 0 3 4 . 0 5 
0 . 6 0 4 9 . 4 9 5 8 . 6 1  2 5 . 1 9  3 3 . 4 2 
1 .  3 0  9 8 . 6 8 5 8 . 1 8  2 5 . 1 9 3 2 . 9 9 
2 . 0 0 1 4 7 . 8 8 5 7 . 7 9 2 5 . 2 0 3 2 . 5 9 
4 . 2 0 3 0 2 . 5 0 5 7 . 3 7 2 5 . 1 9  3 2 . 1 8  
7 . 0 0 4 9 9 . 2 9 5 6 . 5 7 2 5 . 2 0 3 1 . 3 7 
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 9 0 2 5 . 2 0 3 0 . 7 0 
4 3 . 5 0 3 0 6 3 . 3 8 5 5 . 7 6 2 5 . 2 0 3 0 . 5 6 
8 7 . 0 0 6 1 2 6 . 7 6 5 5 . 0 3 2 5 . 2 0 2 9 . 8 3 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 3 2 2 5 . 2 0 2 9 . 1 2  
6 . 7 6 
2 . 5 8 
Ta b l e  A .  1 .  ( c o n t i nu e d ) 
S E T  2 '  RUN 2 .  S U B P LOT : 3 7  
D E PT H : 5 ' - 6 ' 8 
PLATE : 2 
/ - - - - PRE S S UR E- - - - - 1 - - - - - - - -S O I L W E I GHTS - - - - - -
p g a g e  p ac t .  Gro s s  T a r e  
ps i em - - - - - - - - : - - - - - - - -
o . o o o . o o 6 3 . 1 5  
( M i s s i n g  
p
-
r e s s u r e s . ) 
1 .  9 0  1 4 0 . 8 5 5 7 . 7 1  
5 . 4 0 3 8 6 . 8 4 5 6 . 6 1  
8 . 0 0 5 6 9 . 5 7 5 6 . 2 7 
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 7 2 
4 6 . 0 0 3 2 3 9 . 4 4 5 5 . 5 1 
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 8 2 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 4 3 
Tab l e  A .  1 .  ( c o n t i nued ) 
S ET 2 ,  RUN 3 .  SUBP LOT : 3 7  
2 5 . 2 1 
2 5 . 2 0 
2 5 . 1 7  
2 5 . 1 7 
2 5 . 1 4  
2 5 . 2 0 
2 5 . 2 1 
2 5 . 2 1  
6 . 7 6 
2 . 5 8 
N e t  
- - - - - - - -
3 7 . 9 4 
3 2 . 5 1 
3 1 . 4 4 
3 1 . 1 0 
3 0 . 5 8 
3 0 . 3 1 
2 9 . 6 1  
2 9 . 2 2 
2 . 5 8 
1 .  4 6  
. 1 .  3 9  
1 .  3 4  
1 .  3 2  
1 .  2 7  
1 .  2 4  
1 .  2 0  
1 .  1 4  
1 .  1 0  
1 .  0 6  
PAPER I - - - - - - - - ,  




1 .  3 2  
1 .  2 6  
1 .  2 3  
1 .  2 0  
1 .  1 4  
1 .  1 0  
1 .  0 6  
1 9 . 2 4 
WET SO I L  
2 5 . 2 9 
2 5 . 8 3 
2 5 . 2 7 
2 4 . 8 9 
2 4 . 5 1 
2 4 . 1 5  
2 3 . 3 7 
2 2 . 7 4 
2 2 . 6 6 
2 1 . 9 7 
2 1 . 3 0 
1 9 . 2 4 
WET SO I L  




2 4 . 4 3 
2 3 . 4 2 
2 3 . 1 1  
2 2 . 6 2 
2 2 . 4 1  
2 1 . i 5  
2 1 . 4 0 
D E PT H : 5 ' - 6 ' 8 1 9 . 2 4 
PLATE : 2 
/ - - - - PR ESSURE - - - - - 1 - - - - - - - - S O I L W E IG H T S - - - -- -
p gage P ac t .  G r o s s T a r e  N e t  PAPER WET S O I L  
ps i em 
o . o o o . o o 
0 . 3 0 2 8 . 4 0 
0 . 6 0 4 9 . 4 9 -
1 .  3 0  9 8 . 6 8 
-- - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
6 3 . 5 9 
5 9 . 4 1 
5 8 . 7 0 
5 8 . 0 6 
2 5 . 2 0 
2 5 . 2 1  
2 5 . 2 0 
2 5 . -2 1  
6 . 7 6 
2 . 5 8 
3 8 . 3 9  2 . 5 8 
3 4 . 2 0 1 . 4 4 
3 3 . 5 0 1 .  3 9  
3 2 . 8 5 1 .  3 4  
2 9 . 0 5 
2 6 . 0 0 
2 5 . 3 5 
2 4 . i 5 
1 3 9 -
THETA 
0 . 3 1  
0 . 3 4 
0 . 3 1  
0 . 2 9 
0 . 2 7 
0 . 2 6 
0 . 2 1  
0 .  1 8  
0 .  1 8  
0 .  1 4  
0 .  1 1  
TH ETA 




0 . 2 7 
0 . 2 2 
0 . 2 0 
0 .  1 8  
0 .  1 6  
0 .  1 3  
0 .  1 1  
T HETA 
0 . 5 1  
0 . 3 5 
0 . 3 2 
0 . 2 9 
Tab l e  A .  l .  ( c on t i n ued ) 
SET 2 '  RUN 1 .  SUBPLOT : 
DEPT H : 5 ' - 6 ' B 1 8 . 3 1  
PLAT E : 2 
/ - - - -PRE S S URE - - - - - 1 - - - - - - - -S O I L W E I GHTS - - - - - -
P gage p a c t . Gro s s  T a r e  N e t  PAPER WET SO l i . 
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : -- - - - - - - ! 
o . o o 0 . 0 0 6 2 . 2 1 2 6 . 7 3 3 5 . 4 8 2 . 2 8 
0 . 2 0 2 1 . 3 7 6 0 . 1 9  2 6 . 7 1  3 3 . 4 8 1 .  2 9  
0 . 6 0 4 9 . 4 9 5 9 . 7 4 2 6 . 7 3 3 3 . 0 1  1 .  2 3  
1 .  3 0  9 8 . 6 8 5 9 . 3 6 2 6 . 7 2 3 2 . 6 4 1 . 1 9 
2 . 0 0 1 4 7 . 8 8 5 9 . 0 5 2 6 . 7 2 3 2 . 3 3 1 .  1 6  
4 . 2 0 3 0 2 . 5 0 5 8 . 7 0 2 6 . 7 2 3 1 . 9 8 1 .  1 2  
7 . 0 0 4 9 9 . 2 9 5 7 . 7 9 2 6 . 7 2 3 1 . 0 7 1 . 1 0 
1 4 . 2 0 1 0 0 5 . 3 2 5 7 . 2 0 2 6 . 7 3 3 0 . 4 7 1 .  06 
4 3 . 5 0 3 0 6 3 . 3 8 5 7 . 0 9 2 6 . 7 2 3 0 . 3 7  1 .  0 1  
8 7 . 0 0 6 1 2 6 . 7 6 5 6 . 5 1  2 6 . 7 2 2 9 . 7 9 0 . 9 8 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 5 . 3 0 · 2 6 . 7 j  2 8 . 5 7 0 . 9 4 
7 . 3 8  
2 . 2 8 
Tab l e  A . l .  ( co n t i nued ) 
S E T  2 ' RUN 2 .  S UB PLOT : 
D E PT H : 5 ' - 6 '  B 
PLATE : 2 
/ - - - - PRE SSURE - -- - - 1 - - - - - - - - S O I L W E I G HTS - - - - - -
P ' g a g e  p ac t .  G r o s s T a r e  N e t  PAPER 
p s i  e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 6 2 . 9 8 · 2 6 . 7 4 3 6 . 2 4 2 . 2 8 
( M i s s i n JC  ER R 
p r e s s u r e s . )  ERR 
ERR 
1 .  9 0  1 4 0 . 8 5 5 9 . 2 0 2 6 . 7 3 3 2 . 4 7 1 .  1 7  
5 . 4 0 3 8 6 . 8 4 5 8 . 1 7  2 6 . 7 0 3 1 . 4 7 1 .  1 1  
8 . 0 0 5 6 9 . 5 7 5 7 . 6 7 2 6 . 7 1  3 0 . 9 6 1 .  0 9  
1 4 . 2 0 1 0 0 5 . 3 2 5 7 . 0 3 2 6 . 6 9 3 0 . 3 4 1 .  0 6  
4 6 . 00 3 2 3 9 . 4 4 5 6 . 6 9 2 6 . 7 1  2 9 . 9 8 1 .  0 1  
8 7 . 00 6 1 2 6 . 7 6 5 6 . 2 1 2 6 . 7 3 2 9 . 4 8 0 . 9 8 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 5 . 4 9 2 6 . 7 4 2 8 . 7 5 0 . 9 4 
7 . 3 8 
2 . 2 8 
Ta b l e  A .  l .  ( co n t i nued ) 
S ET 2 ,  RUN 3 .  S UB PLOT : 
DEPT H : 5 ' - 6 ' B 
PLAT E : 2 
/ - - -- PRE S S U R E - - - - - 1 - - - - - - - -S O I L W E I G H T S - - - - - -
P ac t .  Gro s s  T a r e  N e t  PAPER P g a g e  
p s i  e m  - -- - - - - - : - - - - - - - - : - - - - - - - - : - - -- - - - - : 
o . o o o . o o 6 4 . 3 2 
0 . 3 0 2 8 . 4 0 6 0 . 1 2  
0 . 6 0 4 9 . 4 9 5 9 . 6 2 
1 .  3 0  -9 8 . 6 8  5 9 . 2 4 
2 6 . 7 3 
2 6 . 7 6 
2 6 . 7 4 
2 6 . 7 4 
7 . 3 8 
2 . 2 8 
3 7 . 5 9 
:J 3 . 3 6 
3 2 . 8 8 
3 2 . 5 0 
2 . 2 8 
1 .  2 7  
1 .  2 3  
l .  1 9  
2 5 . 8 2 
2 4 . 8 1  
2 4 . 4 0 
2 4 . 0 7 
2 3 . 7 9 
2 3 . 4 8 
2 2 . 5 9 
2 2 . 0 3 
2 1 . 9 8 
2 1 . 4 3 
2 0 . 2 5 
1 8 . 3 1  
WET SO I L  




2 3 . 9 2 
2 2 . 9 8 
2 2 . 4 9 
2 l .  9 0  
2 l .  5 9  
2 1 . 1 2  
2 0 . 4 3 
1 8 .  3 1  
WET SO I L  
2 7 . 9 3 
2 4 . 7 1 
2 4 . 2 7  
2 3 . 9 3 
1 -H) . 
TH ETA 
0 . 4 1  
0 . 3 5 
0 . 3 3 
0 . 3 1  
0 . 3 0 
0 . 2 8 
0 . 2 3 
0 . 2 0 
0 . 2 0 
0 .  1 7  
0 . 1 1  
T H ETA 
0 .  4 5 
E R R  
E R R  
E R R  
0 . 3 1  
0 . 2 6 
0 . 2 3 
0 . 2 0 
0 .  1 8  
0 .  1 5  
0 .  1 2  
THETA 
0 . 5 3 
0 . 3 5 
0 . 3 3 
0 . 3 1  
Tab l e  A .  1 .  ( c o n t i nued ) 
S ET 2 ,  RUN 1 .  S U B PLOT : 5 
D E PT H : 0 ' - 1 ' B 
PLAT E : 3 
/ - - - - PRESSU R E- - - -- 1 - - - -- - - - S O I L  W E I GHTS - - - - --
1 5 . 5 5 
p gage P act . Gro s s  Tare N 
p s i  e m  - - - - - - - - : - - - - - - - - : -=� - - - - - : - -:�:��- : W E T  SO I L 
o . o o 
o . z o 
0 . 6 0 
1 .  3 0  
2 . 0 0 
4 . 2 0 
7 . 0 0  
1 4 . 2 0 
4 3 . 5 0 
8 7 . 0 0 
2 1 8 . 0 0 
o . o o 
2 1 . 3 7 
4 9 . 4 9 
9 8 . 6 8 
1 4 7 . 8 8 
3 0 2 . 5 0 
4 9 9 . 2 9 
1 0 0 5 . 3 2 
3 0 6 3 . 3 8 
6 1 2 6 . 7 6 
1 5 3 5 2 . 1 1  
5 8 . 3 9 
5 6 . 3 9 
5 5 . 9 0 
5 5 . 3 8 
5 4 . 9 0 
5 4 . 4 3 
5 3 . 3 7 
5 3 .  1 1  
5 2 . 6 1  
5 1 . 8 8 
Tab l e  A . 1 .  ( co n t i n u e d ) 
2 5 . 2 1  
2 5 . 1 9  
2 5 . 1 9  
2 5 . 1 9 
2 5 . 2 0 
2 5 . 1 9  
( M i ss i n g 
2 5 . 1 9 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 2 0 
6 . 6 0 
4 . 8 0 
3 3 . 1 8  
3 1 . 2 0 
3 0 . 7 1 
3 0 . 1 9 
2 9 . 7 0 
2 9 . 2 4 
da ta . ) 
2 8 . 1 8  
2 7 . 9 1  
2 7 . 4 1  
2 6 . 6 8 
4 . 4 8 
2 . 5 4 
2 . 4 2 
. 2 .  3 3  
2 . 2 9 
2 . 2 1  
2 .  1 6  
2 . 0 9 
1 .  9 8  
1 .  9 2  
1 .  8 4  
2 2 . 1 0  
2 2 . 0 6 
2 1 . 6 9 
2 1 . 2 6 
2 0 . 8 1 
2 0 . 4 3 
- 8 . 7 6 
1 9 . 4 9 
1 9 . 3 3 
1 8 . 8 9 
1 8 . 2 4 
S ET 2 ,  RUN 2 .  S U B PLOT : 5 
D E PT H : 0 '  - 1 '  B 1 5 .  5 5  
P LATE : 3 
1 - - - - PRESSURE - - - - - / - - - - - - - - SO I L W E IGHTS - - - - - -
p gage P ac t .  G ro s s  T a r e  N e t  PAPER W ET SO I L  
- - - - - - - - : - - - - - - - - : - -- - - - - - : - - -- - - - - : ps i e m  
0 . 0 0 o . o o 
( M i s s i ng 
p r e s s u r e s . )  
1 .  9 0  
5 . 4 0 
8 . 0 0  
1 4 . 2 0 
4 6 . 0 0 
8 7 . 0 0 
2 1 8 . 0 0 
1 4 0 . 8 5 
3 8 6 . 8 4 
5 6 9 . 5 7 
1 0 0 5 . 3 2 
3 2 3 9 . 4 4 
6 1 2 6 . 7 6 
1 5 3 5 2 . 1 1  
6 0 . 4 0 
5 4 . 6 8 
5 3 . 8 1  
5 3 . 6 2 
5 3 . 2 7 
5 2 . 9 0 
5 2 . 6 4 
5 2 . 3 0 
T a b l e  A . 1 .  ( co n t i nu e d ) 
2 5 . 2 0 
2 5 . 2 0 
2 5 . 1 3  
2 5 . 1 7  
2 5 . 1 3  
2 5 . 2 1 
2 5 . 2 0 
2 5 . 2 1  
6 . 6 0 
4 . 8 0 
3 5 . 2 0 
2 9 . 4 8 
2 8 . 6 8 
2 8 . 4 5 
2 8 . 1 4  
2 7 . 6 9 
2 7 . 4 4 
2 7 . 0 9 




2 . 2 9 
2 .  1 8  
2 . 1 4 
2 . 0 9 
1 .  9 8  
1 .  9 2  
1 .  8 4  




2 0 . 5 9 
1 9 . 9 0 
1 9 . 7 1 
1 9 . 4 5  
1 9 . 1 1  
1 8 . 9 2 
1 8 . 6 5 
· SET 2 ,  RUN 3 .  S U D P LOT : 5 
DEPTH : 0 '  - 1 '  B 1 5 . 5 5  
P L AT E : 3 
/ - - - - PRES SURE - - - - - 1 - - - - - - - - SO I L W E I GHTS - - - - - -
p gag e  P ac t .  G r o s s  T a r e  N e t  PAPER WET SO I L 
- - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : ps i 
o . o o 
0 . 3 0 
0 . 6 0 
1 .  3 0  
e m 
o . oo 
2 8 . 4 0 
4 9 . 4 9 
9 8 . 6 8 
( N e w  f i l t e r  pa p e r  added a f te r  5 5 . 6 9 .  
6 1 . 9 9 2 5 . 2 0 3 6 . 7 9 4 . � 8 
5 8 . 7 3 2 5 . 2 1 3 3 . 5 2 2 . 6 7 
5 5 . 6 9 2 5 . 2 1  3 0 . 4 8 2 . 5 9 
5 5 . 7 8 2 5 . 2 0 3 0 . 5 8 2 . 5 0 
6 . 6 0 
4 . 8 0 
D r y  W t . :  
:l 5 . 7 1  
2 4 . 2 5 
2 1 . 2 9 
2 1 . 4 8 
1 -4  1 . 
THETA 
0 . 4 2 
0 . 4 2 
0 .  •lO 
0 . 3 7 
0 . 3 4 
0 . 3 1  
- 1 . 5 6 
0 . 2 5 
0 . 2 4 
0 . 2 1 
0 .  1 7  
T H ETA 
0 . 5 5 
ERR 
E R R  
E R R 
0 . 3 2 
0 . 2 8 
0 . 2 7 
0 . 2 5 
0 . 2 3 
0 . 2 2 
0 . 2 0 
T H ET A  
. 3 2  g .  ) 
0 . 6 5 
0 . 5 6 
0 . 3 7 
0 . 3 8 
• 
Ta b l e A .  1 .  ( co n t i nued ) 
S ET 2 ,  R UN 1 . SU B P LOT : 3 0  
D E P T I I : 0 I - 1 I B 
PLATE : 3 
/ - - - - P R E SSUR E - - - - - 1 - - - - - - - - SO I L  W E I G H T S - - - - - -p gage p ac t .  G ro s s  Ta r e  N e t  P A P ER WET 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 5 9 . 9 8 2 6 . 7 5 3 3 . 2 3 3 . 5 2 
0 . 2 0 2 1 . 3 7 5 7 . 8 3 2 6 . 7 1  3 1 .  1 2  2 . 0 0 
0 . 6 0 4 9 . 4 9 5 7 . 2 0 2 6 . 7 2 3 0 . 4 8 1 .  9 0  L .  3 0  9 8 . 6 8 5 6 . 7 3 2 6 . 7 2 3 0 . 0 1  . 1 .  8 3  
2 . 0 0 1 4 7 . 8 8 5 6 . 3 8 2 6 . 7 2 2 9 . 6 6 1 .  8 0  
4 . 2 0 3 0 2 . 5 0 5 6 . 0 1  2 6 . 7 2 2 9 . 2 9 1 .  7 3  
7 . 0 0 4 9 9 . 2 9 ( M i s s i n � da ta . ) 1 .  6 9  
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 2 2 2 6 . 7 1 2 8 . 5 1  1 .  6 4  
4 3 . 5 0 3 0 6 3 . 3 8 5 5 . 0 0 2 6 . 7 2 2 8 . 2 8 1 .  5 6  
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 7 1  2 6 . 7 3 2 7 . 9 8 1 .  5 1 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 2 1  2 6 . 7 2 2 7 . 4 9 1 .  4 4  
6 . 9 7 
3 . 8 3 
T a b l e A .  1 .  ( co n t i nued ) 
S ET 2 I RUN 2 .  S UB P LOT :  3 0  
DE PT H : 0 1 - 1 1 B 
PLAT E : 3 
/ - - - - PR E S S UR E - - - - - 1 - - - - - - - - SO I L  W E I G H TS - - - - - -
p g a g e P a c t . G r o s s  T a r e  N e t  PAPER WET 
p s i  e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 6 0 . 7 0 2 6 . 7 4 3 3 . 9 6 3 . 5 2 
( M i s s i n g  E R R  
p r e s s u r e s . )  E RR 
E R R  
1 .  9 0  1 4 0 . 8 5 5 6 . 1 8  2 6 . 7 3 2 9 . 4 5 1 .  8 0  
5 . 4 0 3 8 6 . 8 4 5 5 . 6 0 2 6 . 6 9  2 8 . 9 1  1 .  7 1  
8 . 0 0 5 6 9 . 5 7 5 5 . 5 7 2 6 . 7 0 2 8 . 8 7 l .  6 8  
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 2 2 2 6 . 6 9 2 8 . 5 3 1 .  6 4  
4 6 . 0 0 3 2 3 9 .' 4 4  5 4 . 9 9 2 6 . 7 3 2 8 . 2 6 l .  5 5  
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 8 1  2 6 . 7 2  2 8 . 0 9 l .  5 1  
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 5 4 2 6 . 7 6 2 7 . 7 8 l .  4 4  
6 . 9 7 
3 . 8 3 
T a b l e  A .  1 .  ( con t i nu e d ) 
· s ET L ,  RUN 3 .  S U B P LOT :  3 0  
D E PTH : 0 1 - 1 '  B 
P LATE : 3 
/ - - - - PR E S S UR E - - - - - 1 - - - - - - - - SO I L  W E I GHTS - - - - - -
P g a g e  p ac t .  G ro s s Ta r e  N e t  PAPER W ET 
p s i  em - - - - - - - - . - - - - - - - - - - - - - - - - : - - - - - - - - : . 
( New f i l t e r  p a p e r  added a t  5 7 . 1 8 .  D r y  o . o o 0 . 0 0 6 1 . 3 9 
0 . 3 0 2 8 . 4 0 5 8 . 9 0 
0 . 6 0 4 9 . 4 9 5 7 .  1 8  
1 .  3 0  9 8 . 6 8 5 7 . 1 7  
2 6 . 7 3 
2 6 . 7 9 
2 6 . 7 2 
2 6 . 7 3  
6 . 9 7 
3 . 8 3 
3 4 . 6 6  3 . 5 2 
3 2 . 1 1  1 .  9 6  
3 0 . 4 6 1 .  9 0  
3 0 . 4 4 1 .  9 9  
1 4 2 
1 6 .  8 •1 
SO I L TH ETA 
2 2 . 7 4 0 . 3 5 
2 2 .  1 5  0 . 3 2 
2 1 . 6 1  0 . 2 8 
2 1 . 2 1  0 . 2 6 
2 0 . 8 9 0 . 2 4 
2 0 . 5 9 0 . 2 2 
- 8 . 6 6 - 1 . 5 1  
1 9 . 9 0 0 .  1 8  
1 9 . 7 5 0 .  1 7  
1 9 . 5 0 o .  1 6  
1 9 . 0 H 0 . •  3 
1 6 . 8 4  
SO I L T H ETA 
2 3 . 4 7 0 . 3 9 
E R R  ERR 
ERH ERR 
E R R  ERR 
2 0 . 6 8 0 . 2 3 
2 0 . 2 :.1 0 . 2 0 
2 0 . 2 2 0 . 2 0 
1 9 . 9 2 0 .  1 8  
U l . 7 ·1 0 .  1 7  1 9 . 6 1  0 .  1 G 
1 9 . 3 7 0 .  1 5  
1 6 . 8 4 
S O I L  TH ET A  
\v t .  = . 3 1  g . ) 
2 4 . 1 7  0 .  4 4  
2 3 . 1 8 0 . 3 8 
2 1 . 5 9 0 . 2 8 
2 1 . 4 8 0 . 2 8 
Ta b l e  A . 1 .  ( c o n t i nued ) 
SET 2 ,  RUN 1 .  S U B P LOT : 4 7  
DE PTH : 0 '  - 1 ' B 1 i .  4 5 
PLATE : 4 
/ - - - - PRESSURE - - - - - 1 - - - - - - - - SO I L  WE I G HT S - - - - - -
P g a g e  p ac t .  G r o s s  Ta r e  N e t  PAPER WET SO I L  
p s i  em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 5 9 . 2 9 2 5 . 2 2 3 4 . 0 7 2 .  4 Z  
0 . 2 0 2 1 . 3 7 5 7 . 7 5 2 5 . 1 9  3 2 . 5 6 1 .  3 7  
0 . 6 0 4 9 . 4 9 5 7 . 5 3 2 5 . 2 0 3 2 . 3 3 1 .  3 1  
1 .  3 0  9 8 . 6 8 5 7 . 1 8 2 5 . 2 0 3 1 . 9 8 1 . 2 6 
2 . 0 0 1 4 7 . 8 8 5 6 . 8 9 2 5 . 2 0 3 1 . 6 9  1 .  2 3  
4 . 2 0 3 0 2 . 5 0 5 6 . 4 9 2 5 . 2 0 3 1 . 2 9 1 .  1 9  
7 . 0 0 4 9 9 . 2 9 5 5 . 9 1  2 5 . 2 0 3 0 . 7 1 1 .  1 6  
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 4 0 2 5 . 1 9 3 0 . 2 1  1 .  1 3  
4 3 . 5 0 3 0 6 3 . 3 8 5 5 . 1 9  2 5 . 2 0 2 9 . 9 9 1 .  0 7  
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 7 7 2 5 , 2 0 2 9 . 5 7 1 .  0 4  
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 0 9 2 5 . 2 0 2 8 . 8 9 0 . 9 9 
6 . 9 8  
2 . 4 2 
Tab l e  A .  1 .  ( c on t i nued ) 
S ET 2 ' RUN 2 .  S U B PLOT : 4 i  
DEPTH : 0 '  - 1 ' B 
PLATE : 4 
/ - - - - PRESSURE - - - - - 1 - - - - - - - - SO I L W E I G H T S - - - - - -
P g a g e  P a c t . G r o s s  T a r e  N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 o . o o 6 0 . 9 2 2 5 . 2 1  3 5 . 7 1 2 . 4 2 
( M i s s i n li( E R R  
p r e s s u r e s . )  E R R  
ERR 
1 .  9 0  1 4 0 . 8 5 5 6 . 7 9 2 5 . 2 0 3 1 . 5 9 1 .  2 4  
5 . 4 0 3 8 6 . 8 4 5 5 . 9 8 2 5 . 1 "  3 0 . 8 4 1 .  1 8  
8 . 0 0 5 6 9 . 5 7 5 5 . 7 2 2 5 . 2 0 3 0 . 5 2 1 .  1 6  
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 3 3 2 5 . 1 5  3 0 . 1 8  1 .  1 3  
4 6 . 0 0 3 2 3 9 . 4 4 5 5 . 0 2 2 5 . 2 0 2 9 . 8 2 1 .  0 7  
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 9 1  2 5 . 2 0 2 9 . 7 1  l .  0 4  
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 4 4 2 5 . 2 1 2 9 . 2 3 0 . 9 9 
6 . 9 8 
2 . 4 2 
Ta b l e  A .  l .  ( c o n t i nued ) 
SET 2 '  RUN 3 .  S U BP LOT : 4 7  
D E PTH : 0 '  - 1 , B 
P LATE : 4 
/ - - - - PRES S U R E- - - - - 1 - - - - - - - - SO I L W E I G H T S - - - - - -
p g a g e  P a c t . G r o s s  T a r e  N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - ! - - - - - - - - : 
0 . 0 0 o . o o 6 2 . 2 2 
0 . 3 0 2 8 . 4 0 5 8 . 4 8 
0 . 6 0 4 9 . 4 9 5 7 . 7 1  
1 .  3 0  9 8 . 6 8 5 7 . 0 2 
2 5 . 2 1 
2 5 . 2 1 
2 5 . 2 1 
2 5 . 2 1 
6 . 9 8 
2 . 4 2 
3 7 . 0 1  
3 3 . 2 7 
3 2 . 5 0 
3 1 . 8 1  
2 . -1 2  
1 .  3 5  
1 .  3 1  
1 .  2 6  
2 4 . 6 7 
2 4 . 2 1 
2 4 . 0 4 
2 3 . 7 4 
2 3 . 4 8 
2 3 . 1 2  
2 2 . 5 7 
2 2 . 1 0  
2 1 . 9 4 
2 1 . 5 5 
2 0 . 9 2 
1 7 . 4 5 
WET SO I L  




2 3 . 3 7 
2 2 . 6 8 
2 2 . 3 8 
2 2 . 0 7 
2 1 . 7 7 
2 1 . £) 9  
2 1 . 2 6 
1 7 .  4 5 
WET SO I L  
2 7  . . 6 1  
2 4 . 9 4 
2 4 . 2 1  
2 3 . 5 7 
TH ETA 
0 . 4 1  
0 . 3 9 
0 . 3 8 
0 . 3 6 
0 . 3 5 
0 . 3 2 
0 . 2 9 
o . : 7 
0 . 2 6 
0 . 2 4 
0 . 2 0 
THETA 




0 . 3 4 
0 . 3 0 
0 . 2 8 
0 . 2 6 
0 . 2 5 
0 .  2 :1 
0 .  2.2 
THETA 
0 . 5 8 
0 . 4 3 
0 . 3 9 
0 . 3 5 
Tab l e  A .  1 .  ( c on t i n u ed ) 
SET 2 , RUN 1 .  S U B PLOT : 3 7  
DEPTH : 0 , - 1 , B 1 5 . 9 2 
PLAT E : 4 
/ - - - - PRESSURE- - - - - 1 - - - - - - - - SO I L W E I GHTS - - - - - -
p gage P ac t .  G ro s s  T a r e  N e t  PAPER WET SO I L  
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 5 9 . 3 0 2 6 . 7 4 3 2 . 5 6 2 . 2 5 2 3 . 2 1  
0 . 2 0 2 1 . 3 7 5 7 . 4 8 2 6 . 7 1  3 0 . 7 7 1 .  2 8  2 2 . 3 9 
0 . 6 0 4 9 . 4 9 5 7 . 1 0 2 6 . 7 2 3 0 . 3 8 1 .  2 1  2 2 . 0 7 
1 . 3 0 9 8 . 6 8 5 6 . 7 1  2 6 . 7 2 2 9 . 9 9 1 .  1 7  2 1 . 7 2 
2 . 0 0 1 4 7 . 8 8 5 6 . 3 8 2 6 . 7 3 2 9 . 6 5 1 .  1 5  2 1 . 4 0 
4 . 2 0 3 0 2 . 5 0 5 6 . 0 1  2 6 . 7 2 2 9 . 2 9 I .  1 1  2 1 . 0 8 
7 . 0 0 4 9 9 . 2 9 5 5 . 6 3 2 6 . 7 2 2 8 . 9 1  1 .  0 8  2 0 . 7 3 
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 3 9 2 6 . 7 1  2 8 . 6 8 1 . 0 5  2 0 . 5 3  
4 3 . 5 0 3 0 6 3 . 3 8 5 5 . 0 9 2 6 . 7 2 2 8 . 3 7 0 . 9 9 2 0 . 2 8 
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 8 0 2 6 . 7 2 2 8 . 0 8 0 . 9 6 2 0 . 0 2 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 6 0 2 6 . 7 2 2 7 . 8 8 0 . 9 2 1 9 . 8 6 
7 . 1 0 
2 . 2 5 
Tab l e  A . l .  ( c o n t i n u e d ) 
S ET 2 ,  RUN 2 .  S U B P LOT : 3 7  
DEPTH : 0 , - 1 , B 1 5 . 9 2 
P LATE : 4 
/ - - - -PRESSURE - - - - - 1 - - - - - - - - SO I L W E I G HTS - - - - - -
P g a g e  p ac t .  G r o s s T a r e  N e t  PAPER W ET �O I L  
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 5 9 . 8 7 2 6 . 7 5 3 3 . 1 2  
( M i s s i n g  
p re s s u r e s . )  
I .  9 0  1 4 0 . 8 5 5 6 . 1 0  2 6 . 7 1  2 9 . 3 9 
5 . 4 0 3 8 6 . 8 4 5 5 . 5 9 2 6 . 6 9 2 8 . 9 0 
8 . o-o 5 6 9 . 5 7 5 5 . 5 9 2 6 . 6 9 2 8 . 9 0 
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 2 3 2 6 . 6 9 2 8 . 5 4 
4 6 . 0 0 3 2 3 9 . 4 4 5 4 . 9 4 2 6 . 7 2 2 8 . 2 2 
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 8 8 2 6 . 7 2 2 8 . 1 6  
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 5 . 1 0  2 6 . 7 6 2 8 . 3 4 
7 . 1 0 
2 . 2 5 
Tab l e  A .  1 .  ( c o n t i nued ) 
- S E T  2 ,  RUN 3 .  S U B P LOT : 3 7  
D E PT H : 0 , - 1 , B 
PLATE : 4 
/ -- - - PRES SURE - - - - - 1 - - - - - - - - SO I L WE I GHTS - - - ---
P g a g e  p ac t .  
ps i em 
0 . 0 0  0 . 0 0 
0 . 3 0 2 8 . 4 0 
0 . 6 0 4 9 . 4 9 
1 .  3 0  9 8 . 6 8 
G r o s s T a r e  N e t  
- - - - - - - - : - - - - - - - - : - - - - - - - - !  
6 0 . 8 6 
5 7 . 3 2 
5 6 . 7 9 
5 6 . 3 3 
2 6 . 7 4 
2 6 . 7 4 
2 6 . 7 5 
2 6 . 7 4 
7 .  1 0  
2 . 2 5 
3 4 . 1 2  
3 0 . 5 8 
3 0 . 0 4 
2 9 . 5 9 
2 . 2 5 2 3 . 7 7 
ERR E R R  
ERR E n �  
ERR E R R  
I .  1 5  2 1 . 1 4 
l .  1 0  2 0 . 7 0 
1 .  0 8  2 0 . 7 2 
1 .  0 5  2 0 . 3 9 
0 . 9 9 2 0 . 1 3  
0 . 9 6 2 0 . 1 0  
0 . 9 2 2 0 . 3 2 
1 5 . 9 2 
PAPER WET SO I L 
- - - - - - - -
2 . 2 5 2 4 . 7 7 
l .  2 5  l 2 . 2 3 
l .  2 1  2 1 . 7 3 
1 .  1 7  2 1 . J 2  
1 -! -l. 
T H ETA 
0 .  46 
0 . 4 1  
0 . 3 9 
0 . 3 6 
0 . 3 4 
O . J 2 
0 . 3 0 
0 . 2 9 
0 . 2 7 
0 . 2 6 
0 . 2 5 
T H E TA 
0 . 4 9 
E R R . 
E R R  
E R R  
0 . 3 3 
0 .  3 0  
0 . 3 0 
0 . 2 8 
0 . 2 6 
0 . 2 6 
0 . 2 8 
TH ETA 
0 . 5 6 
0 . 4 0 
0 . 3 6 
0 . 3 4 
Ta b l e  A .  I .  ( c on t i n u e d ) 
SET 2 ,  RUN 1 .  S U B P LOT : 
DEPTH : 0 I - 1 I B 
PLAT E : 5 
/ - - - - PRESSURE - - - - - 1 - - - - - - - - SO I L W E I GHTS - - - - --
P gage p ac t .  G ro s s  T a r e  N e t  PA PER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 5 7 . 3 2 2 5 . 2 1  3 2 . 1 1 2 . 0 5 
0 . 2 0 2 1 . 3 7 5 6 . 2 3 2 5 . 2 0 3 1 . 0 3 1 .  1 6  
0 . 6 0 4 9 . 4 9 5 5 . 8 3 2 5 . 2 1  3 0 . 6 2 1 .  1 1  
1 .  3 0  9 8 . 6 8 5 5 . 5 2 2 5 . 1 9 3 0 . 3 3 1 .  0 7  
2 . 0 0 1 4 7 . 8 8 5 5 . 2 5 2 5 . 2 0 3 0 . 0 5 1 .  0 5  
4 . 2 0 3 0 2 . 50 5 4 . 9 2 2 5 . 2 0 2 9 . 7 2 l .  0 1  
7 . 0 0 4 9 9 . 2 9 5 4 . 5 4 2 5 . 2 0 2 9 . 3 4 0 . 9 9 
1 4 . 2 0 1 00 5 . 3 2 5 4 . 1 9 2 5 . 2 0 2 8 . 9 9 0 . 9 5 
4 3 . 5 0 3 0 6 3 . 38 5 3 . 8 9 2 5 . 2 0 2 8 . 6 9 0 . 9 1  
8 7 . 00 6 1 2 6 . 7 6 5 3 . 5 1  2 5 . 2 0 2 8 . 3 1  0 . 8 8 
2 1 8 . 00 1 5 3 5 2 . 1 1  5 3 . 2 2 2 5 . 2 0 2 8 . 0 2 0 . 8 4 
7 .  1 1  
2 . 0 5 
Tab l e  A .  1 .  ( c o n t i nued ) 
SET 2 ,  RUN 2 .  S U B P LOT : 
DEPT H : 0 I - 1 I B 
PLATE : 5 
/ - - - -PRES S URE - - - - - 1 - - - - - - - - S O I L W E I GHTS - - - - - -
p gage P a c t . G r o s s  T a r e  N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : -- - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 5 8 . 4 2 2 5 . 2 1 3 3 . 2 1  2 . 0 5 
( M i s s i n ll ERR 
p r e s s u r e s . )  ERR 
ERR 
1 .  90 1 4 0 . 8 5 5 4 . 9 5 2 5 . 2 0 2 9 . 7 5 l .  0 5  
5 . 4 0 3 8 6 . 8 4 5 4 . 4 0 2 5 . 1 3  2 9 . 2 7 1 .  0 0  
8 . 0 0 5 6 9 . 5 7 5 4 . 3 9 2 5 . 1 8  2 9 . 2 1  0 . 9 8 
1 4 . 2 0 1 0 0 5 . 3 2 5 4 . 0 5 2 5 . 1 4 2 8 . 9 1  0 . 9 5 
4 6 . 0 0 3 2 3 9 . 4 4 5 3 . 7 0 2 5 . 2 1  2 8 . 4 9 0 . 9 0 
8 7 . 00 6 1 2 6 . 7 6 5 3 . 3 9 2 5 . 2 1 2 8 .  1 8  0 . 8 8 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 3 . 8 1  2 5 . 2 1  2 8 . 6 0 0 . 8 4 
7 .  1 1  
2 . 0 5 
T a b l e  A .  1 .  ( � o n t i nu e d ) 
SET 2 ,  RUN 3 .  S U B P LOT : 
DEPTH : 0 I - 1  I B 
PLAT E : 5 
/ - - - - PRESSURE - - - - - 1 - - - - - - - - S O I L W E I GHTS - - - - - -
P gage p a c t . Gro s s  T a r e  N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 5 8 . 7 7 
0 . 3 0 2 8 . 4 0 5 5 . 8 9 
0 . 6 0 4 9 . 4 9 5 5 . 5 9 
1 .  3 0  9 8 . 6 8 5 5 . 1 0  
2 5 . 2 1 
2 5 . 2 1  
2 5 . 2 1 
2 5 . 2 0 
7 .  1 1  
2 . 0 5 
3 3 . 5 6 
3 0 . 6 8 
3 0 . 3 8 
2 9 . 9 0 
2 . 0 5 
1 .  1 4  
1 .  1 1  
1 .  0 7  
1 -+ 5  
1 6 . 2 5 
WET SO I L THETA 
2 2 . 9 5 0 . 4 1  
2 2 . 7 6 0 . 4 0  
2 2 . 4 0 O . J 8 
2 2 . 1 5  0 . 3 6 
2 1 . 8 9 0 . 3 5 
2 1 . 6 0 0 . 3 3 
2 1 . 2 4 0 . 3 1  
2 0 . 9 3 0 . 2 9 
2 0 . 6 7 0 . 2 7 
2 0 . 3 2  0 . 2 5 
2 0 . 0 7 0 . 2 4 
1 6 . 2 5 
WET SO I L  T H E T A  
2 4 . 0 5 0 .  4 8  
ERR ERR 
ERR E R R  
E R R  ERR 
2 1 . 5 9 0 . 3 3 
2 1 . 1 6 0 . 3 0 
2 1 . 1 2 0 . 3 0 
2 0 . 8 5 0 . 2 8 
2 0 . 4 8 0 . 2 6 
2 0 . 1 9  0 . 2 4 
2 0 . 6 5 0 . 2 7 
1 6 . 2 5 
WET SO I L  TH ETA 
2 4 . ·1 0 0 . 5 0 
2 2 . 4  3 0 . 3 8 
2 2 . 1 6  0 . 3 6 
2 1 . 7 2 0 . 3 4 
Ta b l e  A .  1 .  ( c o n t i nued ) 
S E T  2 .  RUN l .  S UBPLOT : 5 
D E PTH : 3 ' - 4 '  B 1 7 . 3 8 
PLATE : 5 
/ - - - - PRESS URE - -- - - 1 - - - - - - - - SO I L WEIGHTS - - - - - -
P g a g e  P ·ac t .  G r o s s  T a r e  N e t  PAPER WET SO I L  
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o o . o o 5 9 . 9 1  2 6 . 7 4 3 3 . 1 7 1 .  9 1  2 3 . 7 4 
0 . 2 0 2 1 . 3 7 5 8 . 8 3 2 6 . 7 2 3 2 . 1 1  1 .  0 8  2 3 . 5 1  
0 . 6 0 4 9 . 4 9 5 8 . 3 1  2 6  . ·7 2 3 1 . 5 9 1 .  0 3  2 3 . 0 4 
1 .  3 0  9 8 . 6 8 5 7 . 8 0 2 6 . 7 2  3 1 . 0 8 0 . .  9 9  2 2 . 5 7 
2 . 0 0 1 4 7 . 8 8 5 7 . 4 0 2 6 . 7 2 30 . 6 8 0 . 9 7 2 2 . 1 9  
4 . 2 0 3 0 2 . 5 0 5 6 . 9 0 2 6 . 7 2 3 0 . 1 8  0 . 9 4 2 1 . 7 2 
7 . 0 0 4 9 9 . 29 5 6 . 0 0 2 6 . 7 3 2 9 . 2 7 0 . 9 2 2 0 . 8 3 
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 3 6 2 6 . 7 2 2 8 . 6 4 0 . 8 9 20 . 2 3 
4 3 . 5 0 3 0 6 3 . 3 8 5 4 . 9 7 2 6 . 7 3 2 8 . 2 4 0 . 8 4 1 9 . 8 8 
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 3 2 2 6 . 7 2 2 7 . 6 0 0 . 8 2 1 9 . 2 6 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 1 3  2 6 . 7 2 2 7 . 4 1  0 . 7 8 1 9 .  1 1  
7 . 5 2 
l .  9 1  
Tab l e  A .  I .  ( co n t i nued ) 
S ET 2 ,  RUN 2 .  S U B PLOT : 5 
D EPTH : 3 ' - 4 '  B 1 7 . 3 8 
P LATE : 5 
/ - - - -PRESSURE - - - - - 1 - - - - - - - - SO I L W E I GHTS - - - - - -
p g a g e  p ac t .  G r o s s  T a r e  N e t  PAPER WET SO I L  
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - -- - - - : 
o . o o o . oo 6 1 . 6 6 2 6 . 7 4 3 4 . 9 2  1 .  9 1  
( M i s s i ng E R R  
p re s s u r es . )  E R R  
E R R  
1 .  9 0  1 4 0 . 8 5 5 7 . 6 0 2 6 . 7 3 3 0 . 8 7 0 . 9 8 
5 . 4 0 3 8 6 . 8 4 5 6 . 4 0 2 6 . 6 9 2 9 . 7 1  0 . 9 3 
8 . 0 0 5 6 9 . 5 7 5 6 . 0 7 2 6 . 6 9 2 9 . 3 8 0 . 9 1  
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 3 1 2 6 . 6 9 2 8 . 6 2  0 . 8 9 
4 6 . 0 0 3 2 3 9 . 4 4 5 4 . 8 1  2 5 . 7 2 2 9 . 0 9 0 . 8 4 
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 1 9  2 6 . 7 3 2 7 . 4 6 0 . 8 2 
2 1 8 . 00 1 5 3 5 2 . 1 1  5 4 . 8 4 2 6 . 7 5 2 8 . 0 9 0 . 7 8 
7 . 5 2 
1 .  9 1  
Tab l e  A .  1 .  ( con t i nued ) 
S E T  2 ,  RUN 3 .  S UB PLOT : 5 
D EPTH : 3 ' - 4 ' B 
PLATE : 5 
/ - - - -PRESS URE - - - - - 1 - - - - - - - - S O I L W E I GHTS - - - - - -
p gage p ac t .  G r o s s T a r e  N e t  PAPER 
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 6 3 . 5 5 
0 . 3 0 2 8 . 4 0 5 9 . 3 2 
0 . 6 0 4 9 . 4 9 5 9 . 0 0 
1 .  3 0  9 8 . 6 8 5 7 . 9 3 
2 6 . 7 4 
2 6 . 7 3 
2 6 . 7 4 
2 6 . 7 5 
7 . 5 2 
1 .  9 1  
3 6 . 8 1  1 .  9 1  
3 2 . 5 9 1 .  06 
3 2 . 2 6 1 .  0 3  
3 1 .  1 8  0 . 9 9 
2 5 . 4 9 
E R R  
ERR 
ERR 
2 2 . 3 7 
2 1 . 2 6  
2 0 . 9 5 
2 0 . 2 1 
2 0 . 7  3 
1 9 .  1 2  
1 9 . 7 9 
1 7 . 3 8  
WET SO I L  
2 7 . 3 8 
2 4 . 0 1  
2 3 . 7 1 
2 2 . 6 7 
1 -! 6 
TH ETA 
0 . 3 7 
0 . 3 5 
0 . 3 3 
0 . 3 0 
0 . 2 8 
0 . 2 5 
0 . 2 0 
0 .  1 6  
0 .  1 4  
0 .  1 1  
0 .  1 0  
T H E T A  
0 . 4 7 
ERR 
ERR 
E R R  
0 . 2 9 
0 . 2 2 
0 . 2 1 
0 .  1 6  
0 .  1 9  
0 .  1 0  
0 .  1 4  
TH ETA 
0 .  5 8  
0 . 3 8 
0 . 3 6 
0 . 3 0 
Tab l e  A .  l .  ( co n t i nued ) 
SET 2 '  RUN 1 .  S U B P LOT : 3 0  
DEPTH : 3 ' - 4 ' B 1 8 . 4 2 
PLAT E : 6 
W E I GHTS - - - - - -1 - - - - PRESSURE - - - - - / - - - - - - - -SO I L 
p gage P ac t .  G ro s s  T a r e  N e t  PAPER WET SO I L  
ps i  em - - - - - - - - : - - - - - - - - : - - - - - - - - : -- .------ - - : 
0 . 0 0 0 . 0 0 6 0 . 0 8 2 5 . 2 0 3 4 . 8 8 1 .  9 7  
0 . 2 0 2 1 . 3 7 5 8 . 8 0 2 5 . 2 0 3 3 . 6 0 1 . 1 2 
0 . 6 0 4 9 . 4 9 5 8 . 2 8 2 5 . 2 0 3 3 . 0 8 1 .  0 6  
1 .  3 0  9 8 . 6 8  5 7 . 7 1  2 5 . 2 0 3 2 . 5 1  1 .  O J  
2 . 0 0 1 4 7 . 8 8 5 7 . 3 3 2 5 . 2 0 3 2 . 1 3 1 . ·oo 
4 . 2 0 3 0 2 . 5 0 5 6 . 8 0 2 5 . 2 0 3 1 . 6 0 0 . 9 7 
7 . 0 0  4 9 9 . 2 9 5 5 . 8 2 2 5 . 2 0 3 0 . 6 2 0 . 9 5 
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 0 1  2 5 . 2 0 2 9 . 8 1  0 . 9 2 
4 3 . 5 0 3 0 6 3 . 3 8 5 4 . 7 9 2 5 . 2 0 2 9 . 5 9 0 . 8 7 
8 7 . 0 0 6 1 2 6 . 7 6 5 3 . 9 8 2 5 . 2 0 2 8 . 7 8 0 . 8 4 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 3 . 5 2 2 5 . 2 0 2 8 . 3 2 0 . 8 1  
7 .  1 3  
1 .  9 7  
Tab l e  A .  1 .  ( c on t i n ued ) 
S ET 2 ,  RUN 2 .  SUBPLOT : 3 0  
D E PT H : 3 ' - 4 '  B 
PLATE : 6 
/ - - - - PRESSURE - - - - - 1 - - - - - - - - SOI L W E I G HTS - - - - - -
p gage P ac t .  G r o s s  T a r e  N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - --- : 
0 . 0 0 0 . 0 0 6 1 . 6 2 2 5 . 2 1 3 6 . 4 1  1 .  9 7  
( M i s s i n g  E R R  
p r e s s u re s . )  ERR 
ERR 
1 .  9 0  1 4 0 . 8 5 5 7 . 7 2 2 5 . 2 0 3 2 . 5 2 1 .  0 1  
5 . 4 0 3 8 6 . 8 4 5 6 . 6 0 2 5 . 1 3  3 1 . 4 7 0 . 9 6 
8 . 0 0 5 6 9 . 5 7 5 6 . 2 0 2 5 . 1 5  3 1 . 0 5 0 . 9 4 
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 3 5 2 5 . 1 2 3 0 . 2 3 0 . 9 2 
4 6 . 0 0 3 2 3 9 . 4 4 5 4 . 4 9 2 5 . 2 0 2 9 . 2 9 0 . 8 7 
8 7 . 0 0 6 1 2 6 . 7 6 5 3 . 7 9 2 5 . 2 0 2 8 . 5 9 O . S 4 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 4 8 2 5 . 2 1  2 9 . 2 7 0 . 8 1  
7 .  1 3  
1 .  9 7  
Tab l e  A .  1 .  ( co n t i nued ) 
S ET 2 , RUN 3 .  S U B P LOT : 3 0  
D E PTH : 3 ' - 4 ' B 
P LATE : 6 
/ - - - -PRESSURE - - -- - 1 - - - - - - - - SO I L W E I G HT S - - - - - -
G r o s s  T a r e  N e t  PAPER p g a g e  P ac t .  
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 6 2 . 5 2 
0 . 3 0 2 8 . 4 0 5 9 . 5 0 
0 . 6 0 4 9 . 4 9 5 8 . 8 0 
1 .  3 0  9 8 . 6 8 5 7 . 8 9 
2 5 .  1 9  
2 5 . 2 2 
2 5 . 2 1  
2 5 . 2 1  
7 .  1 3  
1 .  9 7  
3 7 . 3 3 1 .  9 7  
3 4 . 2 8 1 .  1 0  
3 3 . 5 9 1 .  0 6  
3 2 . 6 8 1 . 0 3  
2 5 . 7 8 
2 5 . 3 5 
2 1 . 8 9 
2 4 . 3 5 
2 4 . 0 0 
2 3 . 5 0 
2 2 . 5 4 
2 1 . 7 6 
2 1 . 5 9 
2 0 . 8 1  
2 0 . 3 8 
1 8 . 4 2 
W ET SO I L 




2 4 . 3 8 
2 3 . 3 8 
2 2 . 9 8 
2 2 . 1 8  
2 1 . 2 9 
2 0 . 6 2 
2 1 . 3 3 
1 8 . -1 2  
WET SO I L  
2 8 . :l 3 
2 6 . 0 5 
2 5 . 4 0 
2 4 . 5 2 
1 -l i  
THETA 
0 . 4 0 
0 . 3 8 
0 .  3 5" 
0 . 3 2  
0 . 3 0 
0 . 2 8 
0 . 2 2 
0 .  1 8  
0 .  1 7  
0 . 1 3 
0 .  1 1  
THETA 




0 . 3 2 
0 . 2 7 
0 . 2 5 
0 . 2 0 
0 . 1 6 
0 .  1 2  
0 . 1 6  
THETA 
0 . 5 3 
0 .  <ll 
0 . 3 8 
0 . 3 3 
Tab l e  A .  1 .  ( c o n t i nued ) 
S ET 2 ,  RUN 1 .  S U B P LOT : 4 7  
D E PT H : 3 , - 4 , B 
PLAT E : 6 
/ - - - - PRES SURE- - - - - 1 - - - - - - - - SO I L W E I GHTS - - - - - -
P gage P ac t .  G r o s s  Tare N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 o . o o 5 8 . 9 7 2 6 . 7 3 3 2 . 2 4 1 .  8 5  
0 . 2 0 2 1 . 3 7 5 7 . 5 9 2 6 . 7 1  3 0 . 8 8 1 .  0 5  
0 . 6 0 4 9 . 4 9 5 7 . 0 3 2 6 . 7 2 3 0 . 3 1 1 .  00 
1 .  30 9 8 . 6 8 5 6 . 5 5 2 6 . 7 2 2 9 . 8 3 0 . 9 6 
2 . 0 0 1 4 7 . 8 8 5 6 . 1 3  2 6 . 7 2 2 9 . 4 1  0 . 9 4 
4 . 2 0 3 0 2 . 5 0 5 5 . 7 2 2 6 . 7 2 2 9 . 0 0 0 . 9 1  
7 . 0 0 4 9 9 . 2 9 5 5 . 0 9 2 6 . 7 2 2 8 . 3 7 0 . 89 
1 4 . 2 0 1 0 0 5 . 3 2 5 4 . 5 9 2 6 . 7 1  2 7 . 8 8 0 . 86 
4 3 . 5 0 3 0 6 3 . 3 8 5 4 . 2 3 2 6 . 7 2 2 7 . 5 1  0 . 8 2 
8 7 . 0 0 6 1 2 6 . 7 6 5 3 . 5 2 2 6 . 7 2 2 6 . 8 0 0 . 7 9 
2 1 8 . 00 1 5 3 5 2 . 1 1 5 3 . 2 0 2 6 . 7 2 2 6 . 4 8 0 . 7 6 
6 . 7 7 
1 . 8 5  
Tab l e  A .  1 .  ( co n t i nu e d ) 
S ET 2 ,  RUN 2 .  SUB PLOT : 4 7  
DEPTH : 3 ' - 4 '  B 
PLATE : 6 
/ - - - - PRESS URE - - - - - 1 - - - - - - - - S O I L W E I G HT S - - - - - -
p g a g e  P a c t .  G r o s s  Ta r e  N e t  PA P E R  
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 6 0 . 6 1  2 6 . 7 4 3 3 . 8 7 1 .  8 5  
( M i s s i ng ERU 
p r e s s ur e s . )  EHR 
ERR 
1 .  90 1 4 0 . 8 5 5 6 . 5 1  2 6 . 7 3 2 9 . 7 8 0 . 9 5 
5 . 4 0 3 8 6 . 8 4 5 5 . 4 1  2 6 . 6 9 2 8 . 7 2 0 . 9 0 
8 . 0 0 5 6 9 . 5 7 5 5 . 2 0 2 6 . 6 9 2 8 . 5 1  0 . 8 8 
1 4 . 2 0 1 0 0 5 . 3 2 5 4 . 5 2 2 6 . 6 8 2 7 . 8 4 0 . 8 6 
4 6 . 0 0 3 2 3 9 . 4 4 5 3 . 9 2 2 6 . 7 0 2 7 . 2 2 0 . 8 2 
8 7 . 0 0 6 1 2 6 . 7 6 5 3 . 3 4 2 6 . 6 9 2 6 . 6 5 0 . 7 9 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 0 2 2 6 . 7 6 2 7 . 2 6 0 . 7 6 
6 . 7 7 
1 .  8 5  
Tab l e  A .  1 .  ( c o n t i nued ) 
SET 2 ,  RUN 3 .  S U B P LOT : 4 7  
D E PT H : 3 ' - 4 ' B 
PLATE : 6 
/ - - - - PRESSURE - - - - - 1 - - - - - - - - S O I L WE I GH TS - - - - - -
P gage p ac t .  G r o s s  T a r e  N e t PAPER 
ps i e m  - - - -- - - - : - - - - - - - - : - - - - - - - - : - - - -- - - -
0 . 00 0 . 0 0 6 1 . 6 3 
0 . 3 0 2 8 . 4 0 5 8 . 3 0 
0 . 6 0 4 9 . 4 9 5.7 .  6 1  
1 .  30  9 8 . 6 8 5 6 . 7 9 
2 6 . 7 2 
2 6 . 7 5 
2 6 . 7 3 
2 6 . 7 4 
6 . 7 7 
1 .  8 5  
3 4 . 9 1  1 .  8 5  
3 1 . 5 5 1 .  0 3  
3 0 . 8 1:J 1 .  00 
3 0 . 0 5 0 . 9 6 
1 :+ 8 
1 7 .  l 4  
WET !>O I L  THETA 
2 3 . 6 2 0 . 3 8 
2 3 . 0 6 0 . 3 5 
2 2 . 5 4  0 . 3 2 
2 2 . 1 0  0 . 2 9 
2 1 . 7 0 0 . 2 7 
2 1 . 3 2  0 . 2 4 
2 0 . 7 1 0 . 2 1  
2 0 . 2 5 0 .  1 8  
1 9 . 9 2 0 .  1 6  
1 9 . 2 4 o .  1 2  
1 8 . 9 5 0 .  1 1  
1 7 .  1 4 
W ET !:>0 [ 1 , T i l  ETA 
2 5 . 2 5  0 . 4 7 
E R R  ERR 
E lW ERR 
ERR ERR 
2 2 . 0 6 0 . 2 9 
2 1 . 0 5 0 . 2 3 
2 0 . 8 6 0 . 2 2 
2 0 . 2 1  0 .  1 8  
1 9 . 6 3 0 .  1 5  
1 9 . 0 9 0 .  1 1  
1 9 . 7 3 0 .  1 5  
1 7 .  1 4  
WET SO I L TH ETA 
2 6 . 2 9 0 . 5 3 
2 3 . 7 5 0 . 3 9 
� 3 . 1 1  0 . 3 5 
2 2 . J 2  0 . 3 0 
T a b l e  A .  1 .  ( c on t i n ued ) 
S E T  2 ,  RUN 1 .  SUBPLOT : 3 7  
D E PT H : 3 ' - 4 ' B 1 8  ; 8  2 
PLATE : 7 
/ - - - - PRE S S U R E- - - - - 1 - - - - - - - -S O I L W E I GHTS - - - - - -
p gage p ac t .  G r o s s  T a r e  N e t  PAPER WET SO I L 
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 5 9 . 5 2 2 5 . 2 9 3 4 . 2 3 1 .  7 6  2 5 . 6 5  
0 . 2 0 2 1 . 3 7 5 8 . 0 2 2 5 . 1 9  3 2 . 8 3 1 .  0 0  2 5 . 0 1  
0 . 6 0 4 9 . 4 9 5 7 . 5 9 2 5 . 1 9  3 2 . 4 0 0 . 9 5 2 4 . 6 3 
1 .  3 0  9 8 . 6 8 5 7 . 1 4 2 5 . 1 9  3 1 . 9 5 0 . 9 2 2 4 . 2 1  
2 . 0 0 1 4 7 . 8 8 5 6 . 8 1  2 5 . 2 0 3 1 . 6 1  0 . 9 0 2 3 . 8 9 
4 . 2 0 3 0 2 . 5 0 5 6 . 3 6 2 5 . 1 9  3 1 . 1 7  0 . 8 7 2 3 . 4 8 
7 . 0 0 4 9 9 . 2 9 5 5 . 5 0 2 5 . 1 9 3 0 . 3 1  0 . 8 5 2 2 . 6 4 
1 4 . 2 0 1 0 0 5 . 3 2 5 4 . 7 3 2 5 . 1 9 2 9 . 5 4 0 . 8 2 2 1 . 9 0 
4 3 . 5 0 3 0 6 3 . 3 8 5 4 . 3 9 2 5 . 2 0 2 9 . 1 9 0 . 7 8 2 1 . 5 9 
8 7 . 0 0 6 1 2 6 . 7 6 5 3 . 8 0 2 5 . 2 0 2 8 . 6 0 0 . 7 5 2 1 . 0 3 
2 1 8 . 0 0 1 5 3 5 2 . 1 1 5 3 . 5 6 2 5 . 20 2 8 . 3 6 0 .  7 2  2 0 . 8 2 
6 . 8 2 
1 .  7 6  
T a b l e  A .  1 .  ( c o n t i nued ) 
S ET 2 ,  RUN 2 .  S U BP LOT : 3 7  
D E P T H : 3 ' - 4 '  B 1 8 . 8 2 
PLATE : 7 
/ - - - - PR ES S URE - - - - - 1 - - - - - - - - S O I L W E I GHTS - - - - - -
P gage p ac t .  G r o s s  T a r e  N e t  PAPER WET SO I L  
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : -- - -- - - - :  
o . o o 0 . 0 0 6 1 . 9 6 2 5 . 2 1  3 6 . 7 5 1 .  7 6  2 8 . 1 7  
( Mi s s i n g  ERR ERR 
p r e s s u r e s . )  ERR E R R  
E R R  ERR 
1 .  9 0  1 4 0 . 8 5 5 7 . 1 7  2 5 . 2 0 3 1 . 9 7 0 . 9 0 2 4 . 2 5 
5 . 4 0 3 8 6 . 8 4 5 5 . 9 1  2 5 . 1 2 3 0 . 7 9 0 . 8 6 2 3 . l l  
8 . 0 0 5 6 9 . 5 7 5 5 . 5 2 2 5 . 1 7  3 0 . 3 5 0 . 8 4 2 2 . 6 9 
1 4 . 2 0 1 0 0 5 . 3 2 5 4 . 7 9 2 5 . 1 3 2 9 . 6 6 0 . 8 2  2 2 . 0 2 
4 6 . 0 0 3 2 3 9 . 4 4 5 4 . 2 7 2 5 . 2 0 2 9 . 0 7 0 .  7 8  2 1 . <17  
8 7 . 0 0 6 1 2 6 . 7 6 5 3 . 7 2 2 5 . 2 0 2 8 . 5 2 0 . 7 5 2 0 . 9 5  
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 4 0 2 5 . 2 1  2 9 . 1 9  0 . 7 2 2 1 . 6  5 
6 . 8 2 
1 .  7 6  
Tab l e  A . 1 .  ( con t i n ued ) 
S E T  2 ,  RUN 3 .  S U B P LOT : 3 7  
DEPTH : 3 ' - 4 ' B 1 8 . 8 2 
PLAT E : 7 
� - - - - PRESSURE - - - - - 1 - - - - - - - - S O I L W E I GHTS - - - - - -
P g a g e  p ac t .  Gros s  T a r e  N e t  PAPE R  W E T  SO I L  
ps i em - - - - - -- - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o 0 . 0 0 6 3 . 6 9 
0 . 3 0 2 8 . 4 0 5 9 . 8 1  
0 . 6 0 4 9 . 4 9 5 8 . 7 0 
1 .  3 0  9 8 . 6 8· 5 7 . 5 9 
2 5 . 2 1  
2 5 . 2 2 
2 5 . 2 0 
· 2 5 . 2 0  
6 . 8 2 
1 .  7 6  
3 8 . 4 8 
3 4 . 5 9 
3 3 . 5 0 
3 2 . 3 9 
1 .  7 6  2 9 . 9 0 
0 . 9 8  2 6 . 7 9 
0 . 9 5  2 5 . 7 3 
0 . 9 2 2 4 . 6 5 
1 -t 9 
THETA 
0 . 3 6 
0 . 3 3 
0 . 3 1  
0 . 2 9 
0 . 2 7  
0 . 2 5  
0 . 2 0 
0 . 1 6 
0 .  1 5  
0 .  1 2  
0 . 1 1  
THETA 




0 . 2 9 
0 . 2 3 
0 . 2 1 
0 .  L 7 
0 .  1 4  
0 .  L 1 
0 .  1 5  
THETA 
0 . 5 9 
0 . 4 2 
0 . 3 7 
0 . 3 1 
Tab l e  A . 1 .  ( c on t i n ued ) 
S ET 2 ,  RUN l .  S U B P LOT : 
D E PT H : 3 ' - 4 '  B 1 6 . 9 3 
PLAT E : 7 
/ - - - - PR ESSURE - - - - - 1 - - - - - - - -S O I L W E I GHTS - - - - - -
P g a g e  P act . Gros s T a r e  N e t  PAPER WET SO I L  
ps i e m  - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - � - - - - : 
0 . 0 0 o . o o 5 9 . 7 1  2 6 . 7 8 3 2 . 9 3 2 .  1 1  
0 . 2 0 2 1 . 3 7 5 8 . 3 0 2 6 . 7 1  3 1 . 5 9 1 .  2 0  
0 .  6 0  4 9 . 4 9 5 7 . 8 1  2 6 . 7 1  3 1 . 1 0  1 .  1 4  
1 .  3 0  9 8 . 6 8 5 7 . 3 2 2 6 . 7 1  30 . 6 1  1 .  1 0  
2 . 0 0 1 4 7 . 8 8 5 7 . 0 0 2 6 . 7 3  3 0 . 2 7 L O B 
4 . 2 0 3 0 2 . 5 0 5 6 . 5 8 2 6 ·. 1 1  2 9 . 8 7 1 .  0 4  
'7 . 0 0 4 9 9 . 2 9 5 5 . 9 3 2 6 . 7 2 2 9 . 2 1 l .  0 2 
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 4 0 2 6 . 7 1  2 8 . 6 9 0 . 9 8 
4 3 . 5 0 3 0 6 3 . 3 8 5 5 . 0 0 2 6 . 7 3 2 8 . 2 7 0 . 9 3 
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 4 0 2 6 . 7 3  2 7 . 6 7 0 . 9 0 
2 1 8 . 0 0 1 5 3 5 2 . 1 1 5 4 . 0 9 2 6 . 7 2 2 7 . 3 7 0 . 8 7 
7 . 2 8 
2 . 1 1  
Tab l e  A . 1 . ( co n t i nued ) 
S E T  2 ,  RUN 2 .  S U B P LOT : 
DEPT H : 3 ' - 4 '  B 
PLAT E : 7 
/ - - - - PRES SURE - - - - - 1 - - - - - - - - S O I L W E I GHTS - - - - - -
P g ag e  P ac t .  G ro s s  T a r e  N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
0 . 0 0 0 . 0 0 6 1 . 6 5 2 6 . 7 4 3 4 . 9 1  2 .  1 1  
( M i s s i n g  E R R  
pre s s u r e s . )  E H R  
E R R  
1 .  9 0  1 4 0 . 8 5 5 7 . 2 0 2 6 . 7 2 3 0 . 4 8 1 .  0 8  
5 . 4 0 3 8 6 . 8 4 5 6 . 2 0 2 6 . 6 8 2 9 . 5 2 1 .  0 3  
8 . 0 0 5 6 9 . 5 7 5 5 . 8 9 2 6 . 6 9 2 9 . 2 0 1 .  0 1  
1 4 . 2 0 1 0 0 5 . 3 2 5 5 . 2 9 2 6 . 6 8 2 8 . 6 1  0 . 9 8 
4 6 . 0 0 3 2 3 9 . 4 4 5 4 . 8 1  2 6 . 7 2 2 8 . 0 9 0 . 9 3 
8 7 . 0 0 6 1 2 6 . 7 6 5 4 . 1 8  2 6 . 7 3 2 7 . 4 5 0 . 9 0 
2 1 8 . 0 0 1 5 3 5 2 . 1 1  5 4 . 8 9 2 6 . 7 6 2 8 . 1 3  0 . 8 7 
7 . 2 8 
2 .  1 1  
Tab l e  A .  1 .  ( co n t i n u e d ) 
S E T  2 ,  RUN 3 .  S UBPLOT : 
D EPTH : 3 '  - 4 , B 
PLATE : 7 
/ - - - - PRES SURE - - - - - 1 - - - - - - - - SO I L W E I GHTS - - - - - -
P g a g e  P ac t .  G r o s s T a r e  N e t  PAPER 
ps i em - - - - - - - - : - - - - - - - - : - - - - - - - - : - - - - - - - - : 
o . o o o . o o 6 2 . 7 2 
0 . 3 0 2 8 . 4 0 5 9 . 6 9 
0 . 6 0  4 9 . 4 9 5 8 . 6 0 
1 .  3 0  9 8 . 6 8 5 7 . 5 9 
2 6 . 7 6 
2 6 . 7 5 
2 6 . 7 3 
2 6 . 7 4  
7 . 2 8 
2 .  1 1  
3 5 . 9 6 
3 2 . 9 4 
3 1 . 8 7 
3 0 . 8 5 
2 .  1 1 
1 .  1 8  
1 .  1 4  
1 .  l 0 
2 3 . 5 4 
2 3 . 1 1  
2 2 . 6 8 
2 2 . 2 3 
2 1 . 9 1  
2 1 . 5  5 
2 0 . 9 1  
2 0 . 4 3 
2 0 . 0 6 
1 9 . 4 9 
1 9 . 2 2  
1 6 . 9 3 
WET S O I L  
2 5 . 5 2 
E R R  
E H H  
ERR 
2 2 . 1 2  
2 1 .  2 1  
2 0 . 9 1  
2 0 . 3 5 
1 9 . 8 8 
1 9 . 2 7 
1 9 . 9 8 
' 1 6 .  9 3  
W ET SO I L  
2 6 . 5 7 
2 4 . 4 8 
2 3 . � 5 
2 2 . 4 i 
1 5 0 
T H E TA 
0 . 3 9 
0 . 3 7 
0 . 3 4 
0 . 3 1  
0 . 2 9 
0 . 2 7 
0 . 2 4 
0 . 2 1  
0 .  1 8  
0 .  1 5  
0 .  1 4  
THETA 
o· . 5 1  
E R R  
ERR 
E R R  
0 . 3 1  
0 . 2 5 
0 . 2 4 
0 . 2 0 
0 .  1 7  
0 .  1 4  
0 .  1 8  
T i l  ETA 
O . S i 
0 . 4 5 
0 . 3 9 
0 . 3 3 
1 5 1  
APPEND I X  B :  
T r a n s i ome t e r  D a t a  f r om t h e  D r a i n i n g L y s i m e t e r  
l S 2  
App e n d i x  B c o n t a i n s  t r a n s i o m e t e r  d a t a  f o r  t h e  
b e g i n n i n g o f  t h e  d r a i n i n g o f  t h e  l y s i m e t e r  p r o f i l e  a f t e r  
f l o o d i n g . T r a n s i o m e t e r s  a r e  i de n t i f i e d b y  t h e  c h a nn e l  
u s e d i n  t h e  d a t a  a c qu i s i t i o n s ys t e m , and t h e i r  l o c a t i o n s  
h a v e  b e e n  g i v e n  i n  F i g u r e  7 a n d  l i s t e� i n  T ab l e  1 .  T i m e s  
a r e  i n  h o u r s  s i nc e  t h e  b e g i nn i n g o f  t h e  m o n t h  o f  Au g u s t , 
1 9 8 6 , and DTWT v a l u e s  a r e  D e p t h  T o  W a t e r  T ab l e  v a l u e s  i n  
e m , a d j u s t e d  t o  c e n t e r l i n e e qu i va l en t s . 
Tab l e  B . l .  T r a n s i o me t e r  d a t a  f ro m  t h e  d r a i n i hg l ys i m e t e r  
f o r  s h a l l o w p l a c e me n t  d e p t h . 
- - - - - - - - - - - - DT WT ( cm ) - - - - - - - - - - -
T I ME CH . 6 CH . 7 C H . 8 C H . 1 4  
2 6 4 · . 0 
2 6 5 . 0  
2 6 6 . 0  
2 6 7 . 0  
2 6 8 . 0  
2 6 9 . 0  
2 7 0 . 0  
2 7 1 . 0  
2 7 2 . 0  
2 7 3 . 0  
2 7 4 . 0  
2 7 5 . 0  
2 7 6 . 0  
2 7 7 . 0  
2 7 8 . 0  
2 7 9 . 0  
2 8 0 . 0  
2 8 1 . 0  
2 8-2 .  0 
2 8 3 . 0  
2 8 4 . 0  
2 8 5 . 0  
2 8 6 . 0  
2 8 7 . 0  
8 6 . 2  
8 8 . 9  
9 1 . 5  
9 4 . 2  
9 6 . 4  
9 8 . 7  
1 0 1 . 4  
1 0 3 . 7  
1 0 6 . 0  
1 0 8 . 1  
1 1 0 . 3  
1 1 2 . 8  
1 1 4 . 9  
1 1 6 . 9 
1 1 8 . 8  
1 2 0 . 8  
1 2 2 . 8  
1 2 4 . 8  
1 2 6 . 5  
1 2 8 . 4  
1 3 0 . 2  
1 3 2 . 0  
. 1 3 3 . 7  
1 3 5 . 1 
1 1 9 . 2 " 
1 2 5 . 0  
1 2 9 . 3  
1 3 3 . 3  
1 3 6 . 6  
1 3 9 . 8  
1 4 3 . 1 
1 4 4 . 9  
1 4 7 . 4  
1 4 9 . 6  
1 5 1 . 9  
1 5 4 . 5  
1 5 6 . 4  
1 5 8 . 4  
1 6 0 . 1 
1 6 1 .  7 
1 6 2 . 9  
1 6 4 . 4  
1 6 5 . 1  
1 6 6 . 0  
1 6 6 . 5  
1 6 7 . 5  
1 6 8 . 3  
1 6 9 . 1 
1 3 3 . 9  
1 4 0 . 3  
1 4 6 . 2  
1 4 9 . 5  
1 5 3 . 3  
1 5 8 . 1  
1 6 1 . 3  
1 6 6 . 0  
1 6 6 . 1 
1 6 7 . 3  
1 6 8  ·. 6 
1 6 8 . 7  
1 7 0 . 1 
1 7 1 . 3  
1 7 2 . 4  
1 7 3 . 2  
1 7 4 . 3  
1 7 5 . 3  
1 7 5 . 9  
1 7 7 . 2  
1 7 8 . 2  
1 7 9 . 3  
1 8 0 . 4  
1 8 1 . 2  
8 0 . 9  
8 3 . 6  
8 6 . 3  
8 9 . 0  
9 1 . 3 
9 3 . 7  
9 6 . 4  
9 8 . 7  
1 0 1 . 0  
1 0 3 . 1 
1-0 5 • 4 
1 0 7 . 9  
1 1 0 . 0  
1 1 2 . 0  
1 1 3 . 9  
1 1 6 . 0  
1 1 8 . 0  
1 2 0 . 0  
1 2 1 . 5  
1 2 3 . 6  
1 2 5 . 4  
1 2 7 . 3  
1 2 8 . 9  
1 3 0 . 4  
- - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
T ab l e  B . 1 .  ( c o n t i n u e d ) 
- - - - - - - - - - - - D TWT ( cm ) - - - - - - - - - - -
T I ME C H . 6 C H . 7 C H . 8 C H . 1 4  
2 8 8  . . o 
2 8 9 . 0  
2 9 0 . 0  
2 9 1 . 0  
2 9 2 . 0  
2 9 3 . 0  
2 9 4 . 0  
2 9 5 . 0  
2 9 6 . 0  
2 9 7 . 0  
2 9 8 . 0  
2 9 9 . 0  
3 0 0 . 0  
3 0 1 . 0  
3 0 2 . 0  
3 0 3 . 0  
3 0 4 . 0  
3 0 5 . 0  
3 0 6 . 0  
3 0 7 . 0  
3 0 8 . 0  
3 0 9 . 0  
3 1 0 . 0  
3 1 1 . 0  
3 1 2 . 0  
1 3 6 . 6  
1 3 8 . 2  
1 3 9 . 1 
1 4 0 . 4  
1 4 1 . 4  
1 4 2 . 9  
1 4 4 . 6  
1 4 5 . 8  
1 4 6 . 9  
1 4 7 . 8  
1 4 8 . 6  
1 4 9 . 7  
1 5 0 . 8  
1 5 1 . 6  
1 5 2 . 0  
1 5 3 . 3  
1 5 4 . 2  
1 5 5 . 0  
1 5 5 . 7 
1 5 6 . 7  
1 5 7 . 4  
1 5 8 . 3  
1 5 9 . 2  
1 5 9 . 6  
1 6 0 . 3  
1 6 9 . 8 ·  
1 7 0 . 7  
1 7 1 . 2  
1 7 1 . 8  
1 7 2 . 3  
- 2 . 1  
- 2 . 2  
- 2 . 2  
- 2 . 3  
- 2 . 3  
- 2 . 4  
- 2 . 4  
- 2 . 5  
- 2 ·. 6 
- 2 . 5  
- 2 . 6  
- 2 . 7  
- 2 . 7  
- 2 . 8  
- 2 . 8  
- 2 . 9  
- 2 . 9  
- 3 . 0  
- 3 . 0  
- 3 . 1  
1 8 1 . 9  
1 8 2 . 7  
1 8 3 . 2  
1 8 3 . 9  
1 8 4 . 5  
1 8 5 . 2  
1 8 6 . 0  
1 8 7 . 0  
- 2 . 4  
1 4 7 . 9  
9 6 . 2  
1 7 3 . 8  
- 2 . 1  
- 2 . 1  
- 2 . 1  
- 2 . 2  
- 2 . 3  
- 2 . 3  
1 8 5 . 7  
- 2 . 5  
- 2 . 5  
- 2 . 6  
- 2 . 8  
1 8 0 . 9  
- 2 . 1  
1 3 1 . 9  
1 3 3 . 6  
1 3 4 . 4  
1 3 5 . 8  
1 3 6 . 8  
1 3 8 . 3  
1 4 0 . 0  
1 4 1 . 2  
1 4 2 . 3  
1 4 3 . 2  
1 4 4 . 1 
1 4 5 . 2  
1 4 6 . 3  
1 4 6 . 9  . 
1 4 7 . 3  
1 4 8 . 8  
1 4 9 . 7  
1 5 0 . 5  
1 5 1 . 2  
1 5 2 . 2  
1 5 3 . 0  
1 5 3 . 9  
1 5 4 . 7  
1 5 5 . 3  
1 5' 6  . 1 
! 5 4 
1 5  5 '  
T ab l e  B . 2 .  T r a n s i om e t e r  d a t a  f r om the d r a i n i ng l ys i m e t e r  
f o r  m e d i um p l ac em e n t  d e p t h . 
- - - - - - - - - - - - - - - DTWT ( c m ) - - - - - - - - - - - - � -
T I ME CH . 1 0  C H . 1 1  CH . 1 2  C H . 1 5  C H . 1 6  
2 6 4 . 0  
2 6 5 . 0  
2 6 6 . 0  
2 6 7 . 0  
2 6 8 . 0  
2 6 9 . 0  
2 7 0 . 0  
2 7 1 . 0  
2 7 2 . 0  
2 7 3 . 0  
2 7 4 . 0  
2 7 5 . 0  
2 7 6 . 0  
2 7 7 . 0  
2 7 8 . 0  
2 7 9 . 0  
2 8 0 . 0  
2 8 1 . 0  
2 8 2._ . 0 
2 8 3 . 0  
2 8 4 . 0  
2 8 5 . 0  
2 8 6 . 0  
2 8 7 . 0  
7 7 .  1 
7 8 . 8  
8 0 . 1  
8 2 . 1  
8 3 . 4  
8 5 .  1 
8 7 . 6  
8 9 . 4  
9 1  . 1 
9 2 . 5  
9 4 . 4  
9 7 . 2  
9 9 . 1  
1 0 0 . 6  
1 0 2 . 0  
1 0 3 . 8  
1 0 5 . 7  
1 0 7 . 5  
1 0 9 . 9  
1 1 1 . 2  
1 1 2 . 8  
1 1 4 . 7  
1 1 6 . 8  
1 1 8 .  1 
1 2 1 . 8  
1 2 4 . 7  
1 2 7 . 1  
1 2 9 . 4  
1 3 1 . 4  
1 3 4 . 1  
1 3 7 . 0  
1 4 1 . 6  
1 4 1 . 7  
1 4 3 . 4  
1 4 4 . 5  
1 4 8 . 3  
1 5 0 . 6  
1 5 2 . 8  
1 5 4 . 4  
1 5 6 . 4  
1 5 8 . 4  
1 6 0 . 1 
1 6 1 . 7  
1 6 3 . 4  
1 6 4 . 6  
1 6 6 . 1  
1 6 7 . 8  
1 6 8 . 7  
1 0 5 . 9  
1 0 8 . 8  
1 1 2 . 6  
1 1 4 . 8  
1 1 7 .  4 
1 2 0 . 8  
1 2 3 . 0  
1 2 6 . 5  
1 3 0 . 7  
1 3 3 . 6  
1 3 7 . 6  
1 4 0 . 0  
1 4 3 . 9  
1 4 8 . 2  
1 5 1 . 2  
1 5 2 . 5  
1 5 3 . 6  
1 5 5 . 2  
1 5 7 . 0  
1 5 8 . 2  
1 5 9 . 7  
1 6 1 . 6  
1 6 2 . 4  
1 6 4 . 0  
1 6 6 . 0  
1 6 5 . 5  
1 6 5 . 2  
1 6 5 . 0  
1 6 4 . 6  
1 6 4 . 3  
1 6 4 . 2  
1 6 4 . 0  
1 6 3 . 7  
1 6 3 . 3  
1 6 3 . 1  
1 6 3 . 3  
1 6  3 .  1 
1 6 2 . 9  
1 6 2 . 8  
1 6 2 . 9  
1 6 2 . 8  
1 6 3 . 0  
1 6 2 . 5  
1 6 3 . 0  
1 6 3 . 3  
1 6 3 . 6  
1 6 3 . 5  
1 6 3 . 6  
1 0 0 . 2  
1 0 5 . 6  
1 0 9 . 6  
1 1 4 . 5  
1 1 8 . 6  
1 2 2 . 4  
1 2 7 . 1  
1 3 0 . 5  
1 3 2 . 8  
1 3 5 . 2  
1 3 7 . 3  
1 4 1 . 5 
1 4 2 . 4 · 
1 4 3 . 6  
1 4 4 . 5  
1 4 7 . 2  
1 5 1 . 0  
1 5 4 . 0  
1 5 6 . 6  
1 5 9 . 3  
1 6 1 . 7 
1 6 4 . 1 
1 6 6 . 0  
1 6 6 . 9  
T a b l e  B . 2 .  ( c o n t i n u e d ) 
- - - - - - - - - - - - - - - D T WT ( �m ) � - - - - - - - - - - - - -
T I �1E C H . 1 0  C H . 1 1  C H . 1 2  C H . 1 5  C H . 1 6  
2 8 8 . 0  
2 8 9 . 0  
2 9 0 . 0  
2 9 1 . 0  
2 9 2 . 0  
2 9 3 . 0  
2 9 4 . 0  
2 9 5 . 0  
2 9 6 . 0  
2 9 7 . 0  
2 9 8 . 0  
2 9 9 . 0  
3 0 0 . 0  
3 0 1 . 0  
3 0 2 . 0  
3 0 3 . 0  
3 0 4 . 0  
3 0 5 . 0  
3 0 6 . 0  
3 0 7 . 0  
3 0 8 . 0  
3 0 9 . 0  
3 1 0 . 0  
3 1 1 . 0  
3 1 2 . 0  
1 1 9 . 6  
1 2 1 . 0  
1 2 1 . 8  
1 2 2 . 5  
1 2 3 . 4  
1 2 4 . 9  
1 2 6 . 6  
1 2 2 . 8  
1 4 1 . 6  
1 3 6 . 4  
1 3 1 . 7  
1 3 3 . 0  
1 3 4 . 3  
1 3 4 . 6  
1 3 6 . 2  
1 3 7 . 0  
1 3 8 . 3  
1 3 9 . 0  
1 3 9 . 6  
1 4 0 . 7  
1 4 0 . 9  
1 4 2 . 4  
1 4 6 . 8  
1 5 1 . 7  
1 5 0 . 5  
1 6 9 . 8  
1 7 0 . 8  
1 7 1 .  1 
1 7 1 . 4  
1 7 1 . 9 
1 7 2 . 9  
1 7 5 . 0  
1 7 7 . 1  
1 7 7 . 5  
1 7 7 . 8  
1 7 8 . 8  
1 7 9 . 1  
1 8 0 . 0  
1 8 0 . 1 
1 8 0 . 5  
1 8 1 . 7 
1 8 2 . 7  
1 8 3 . 2  
1 8 3 . 8  
1 8 4 . 6  
1 8 5 . 3  
1 8 6 . 6  
1 9 0 . 0  
1 0 6 . 9 
1 6 4 . 6  
1 6 5 . 8  
1 6 7 . 3  
1 6 8 . 6  
1 7 0 . 5  
1 7 1 . 9  
1 7 3 . 4  
1 7 3 . 9  
1 7 4 . 8  
1 7 6 . 0  
1 7 7 . 7  
1 8 0 . 0  
1 8 0 . 8 
1 8 1 . 9  
1 8 4 . 5  
1 8 6 . 0  
1 8 6 . 2  
1 8 6 . 8  
1 8 7 . 4  
1 8 9 . 8  
1 8 8 . 5  
1 8 8 . 6  
1 8 9 . 3  
1 9 0 . 8  
1 9 1 . 5  
1 9 1 .  1 
1 6 3 . 9  
1 6 4 . 2  
1 6 3 . 9  
1 6 4 . 1 
1 6 4 . 0  
1 6 4 . 3  
1 6 4 . 5  
1 6 4 . 6  
1 6 4 . 7  
1 6 5 . 2  
1 6 5 . 0  
1 6 5 . 1  
1 6 5 . 3  
1 6 5 . 6  
1 6 5 . 0  
1 6 5 . 6  
1 6 6 . 0  
1 6 6 . 2  
1 6  6 . • 3 
1 6 6 . 6  
1 6 6 . 7  
1 6 6 . 8  
1 6 8 . 1 
1 7 1 . 2  
1 6 6 . 5  
1 6 7 . 8  
1 6 8 . 7  
1 6 9 . 0  
1 6 9 . 3  
1 7 0 . 0  
1 7 1 . 1 
1 7 3 . 2  
1 7 4 . 6  
1 7 5 . 4  
1 7  5 .  4 
1 7 5 . 5  
1 7 6 . 3  
1 7  7 • 2 . 
1 7 6 . 8  
1 7 6 . 7  
1 7 8 . 1 
1 7 9 . 4  
1 8 0 . 3  
1 8 0 . 7  
1 8 1 . 6  
1 8  2 .  g. 
1 8 4 . 3  
1 8 4 . 8  
1 8 4 . 9  
1 8 5 . 8  
1 5 6 . 
1 5 1  
T a b l e B . 3 .  T ra n s i o m e t e r  d a t a  f r o m  t h e  d ra i n i ng l y s i m e t e r  
f o r  d e e p  p l ac em e n t  d e p t h . 
- - - - - - ..:. - - D T��T ( em ) .:.  _ _ _ _ _ _ _ _ _  
T i i"lE C H . 1 8  CH . 1 9  · c H . 2 0  
2 6 4 . 0  1 5 0 . 1  1 9 2 . 1  1 8 2 . 9  
2 6 5 . 0  1 4 8 . 4  1 9 1 . 5  1 8 1 . 2  
2 6 6 . 0  1 4 5 . 9  1 9 0 . 5  1 8 0 . 6  
2 6 7 . 0  1 4 5 . 1 1 9 0 . 1  1 8 0 . 3  
2 6 8 . 0  1 4 3 . 0  1 8 9 . 0  1 7 9 . 3  
2 6 9 . 0  1 4 0 . 9  1 8 8 . 4  1 7 8 . 4  
2 7 0 . 0  1 4 0 . 5 1 8 8 . 6  1 7 8 . 4  
2 7 1 . 0 1 3 8 . 4  1 8 7 . 9  1 7 7 . 8  
2 7 2 . 0  1 3 6 . 4  1 8 7 . 3  1 7 7 . 4 
2 7 3 . 0  1 3 5 . 1  1 8 6 . 4  1 7 6 . 8 
2 7 4 . 0  1 3 3 . 6  1 8 5 . 8  1 7 6 . 3  
2 7 5 . 0  1 3 4 . 0  1 8 6 . 4  1 7 7 . 4  
2 7 6 . 0  1 3 2 . 4  1 8 6 . 3  1 7 7 . 8  
2 7 7 . 0  1 3 0 . 7  1 8 5 . 7  1 7 7 . 6  
2 7 8 . 0  1 3 0 . 1 1 8 5 . 1 1 7 7 . 9  
2 7 9 . 0 1 3 0 . 3  1 8 4 . 8  1 7 7 . 9  
2 8 0 . 0  1 3 0 . 9  1 8 4 . 8  . 1 7 7 . 7  
2 8 1 . 0  , 1 3 0 . 3  1 8 4 . 5  1 7 7 . 5  
2 8 2 . 0  1 3 0 . 3 1 8 4 . 1 1 7 6 . 4 
2 8 3 . 0  1 2 9 . 2  1 8 4 . 2  1 7 6 . 1 
2 8 4 . 0  1 2 8 . 6  1 8 3 . 9  1 7 4 . 4  
2 8 5 . 0  1 2 7 . 9  1 8 4 . 1 1 7 3 . 8  
2 8 6 . 0  1 2 8 . 2  1 8 � . 5  1 7 3 . 9  
2 8 7 . 0  1 2 7 . 6  1 8 4 . 2  1 7 3 . 0  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 5 8 
T a b l e  B . 3 .  ( c o n t i n u e d ) 
- - - - - - - - - D T�vT ( em ) - - - - - - - - - -
T I �IE C H . 1 8  CH . 1 9  CH . 2 0  
2 8-8 . 0 1 2 6 . 7  - 1 8 4 . 1 1 7 3 . 7 
2 8 9 . 0  1 2 6 . 4  1 8 3 . 9  1 7 3 . 2  
2 9 0 . 0  1 2 5 . 3  1 8  3 .  1 1 7 2 . 6  
2 9 1 . 0  1 2 4 . 3  1 8 2 . 2  1 7 1 . 8  
2 9 2 . 0  1 2 3 . 6  1 8 1 . 7  1 7 1 . 1 
2 9 3 . 0  1 2 3 . 3  1 8 1 . 5  1 7 0 . i  
2 9 4 . 0  1 2 4 . 3  1 8 2 . 4  1 7 1 . 5  
2 9 5 . 0  1 2 4 . 5  1 8 2 . 8  1 7 1 . 3  
2 9 6 . 0  1 2 4 . 4  1 8 2 . 9  1 7 1 . 2  
2 9 7 . 0  1 2 3 . 7  1 8 2 . 4  1 7 0 . 8  
2 9 8 . 0  1 2 2 . 3  1 8 1 . 5  1 7 0 . 4  
2 9 9 . 0  1 2 2 . 7  1 8 1 . 5  1 7 1 . 3 
3 0 0 . 0  1 2 2 . 8  1 8 1 . 4  1 7 1 . 6  
3 0 1 . 0  1 2 1 . 0  1 8 0 . 5  1 7 0 . 7  
3 0 2 . 0  1 2 2 . -!  1 7 9 . 6  1 6 9 . 5  
3. 0 3 . 0  1 2 2 . 4  1 8 0 . 2  1 7 1 . 3  
3 0 4 . 0  1 2 2 . 6  1 8 0 . 3  1 7 1 . 6  
3 0 5 . 0  
, 
1 2 2 . 8  1 8 0 . 0  1 7 1 . 0  
3 0 6 . 0  1 2 1 . 4  1 7 9 . 6  . 1 7 1 . 2  
3 0 7 . 0 1 2 3 . 4  1 7 9 . 8  1 7  2 .  1 
3 0 8 . 0  1 2 3 . 8  1 8 0 . 1 1 7 0 . 2  
3 0 9 . 0  1 2 3 � 9  1 8 0 . 8  1 7 0 . 0  
3 1 0 . 0  1 2 3 . 5  1 8 0 . 7  1 7 0 . 4  
3 1 1 . 0  1 2 3 . 4  1 7 6 . 8  1 7 0 . 1 
3 1 2 . 0  1 2 4 . 6  1 7 9 . 8  1 6 9 . 5  
